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THE ANTI-HISTAMINE ACTIVITY OF THYMOXYETHYLDIETHYL- 
AMINE AND A r 'ETHYL-A r 'DIETHYLAMINOETHYL ANI LI NE AS 
JUDGED BY THE GASTRIC RESPONSE TO HISTAMINE 

HOWARD B. BURCHELL and RICHARD L. VARCO 
( From the Department of Physiology, University of Minnesota, Minneapolis) 
Received for publication June 27, 1941 

The work of Staub (1, 2, 3) indicated that among a series of phenoxycthers 
studied in regard to their neutralizing effect on certain histamine reactions 
thymoxyethyldiethylamine and iV'ethyl-N'diethylnmi noethyl aniline 1 , had su- 
perior qualities. It was apparently Staub’s opinion that these substances 
might act mainly by preventing the contraction of smooth muscle and that, 
while not truly specific, they did have a preferential inhibitor}’ action on hista- 
mine contraction of smooth muscle. Rosenthal and his associates (4, 5) have 
expressed the belief that thymoxyethyldiethylamine is a specific antagonist to 
histamine in regard to certain of its actions. In addition they reported that 
this material could produce analgesia in the conscious animal. The latter 
finding was in accord with -Rosenthal’s (C) view that histamine might be the 
peripheral chemical mediator of pain. 

To determine whether these substances were truly histamine antagonists or 
only prevented smooth muscle reactions in a non-specific way, it appeared to us 
that pertinent information might be found in their effect on the secretory- re- 
sponse of Heidenhain pouches to histamine. \Ye have also made a few observa- 
tions on the toxicity and other reactions of these drugs. To conserve space we 
shall designate thymoxyethyldiethylamine m.p. 119-123°C. (2-isopropyl, 5- 
methylphenoxycthyldiethylamine) as Drug I and JV'cthyl-iV'diethylaminoethyl- 
aniline m.p. 125-129°C. (V-phenyl-V-cthyl, Af 'diethyl, ethylenediamine) as 
Drug II, 

Gastric secretion. Healthy dogs possessing functioning Heidenhain 
pouches and operated on not less than 3 montlis previously were used. Each 
experiment was done in duplicate (using two dogs) and repeated at least once. 
Five sets of observations were made: 

1. Study of the gastric response to a single dose of histamine administered 
subcutaneously (usually 0.2 mgm./kgm.) the animal having received one or 
other of the drugs in dosage of 25-75 mgm./kgm. subcutaneously, 20 minutes 
previously. 

2. Study of the response of the gastric secretion, maintained relatively con- 
stant by histamine administered subcutaneously (0.1 mgm./kgm.' every 20 
minutes), to the subcutaneous administration of the drug (25 mgm./kgm.). 

8. Study of the response of the gastric secretion, maintained by histamine 

‘The samples of thymoxyethyldiethylamine and N'cthyl-N'diethylaminoethylaniline 
were obtained through the kindness of the Abbott Laboratories and Dr. S. R. Rosenthal, 
respectively. 
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administered subcutaneously (0.1 mgm./kgm. every 20 minutes), following the 
intravenous injection of the drug (4 mgm./kgm.). 

/• Stud}' of the gastric response to histamine administered subcutaneously 
(0.2 mgm./kgm.), the pouch having been previously filled with 1 or 2% solu- 
tions of one or the other drug for 5 or 30 minutes. 

6. Study of the gastric response to histamine administered subcutaneously 
(0.2 mgm./kgm.), the latter having been incubated for 20 hours in a 1% solution 
of one or the other drug. 

The results of 20 experiments on the gastric pouch dogs are summarized quite 
briefly by stating that neither drug had a demonstrable effect on the secretory 


TABLE 1 



NORMAL 

MUG J, SUBCUT., 

25 MGM./KGM. 

Volume 

Free 

acid 

Total 

acid 

Volume 

Free 

acid 

Total 

acid 



cc. per 

mill. 

mill. 

cc. per 

mill. 

milt. 



20 min. 

equiv. 

equiv. 

20 min. 

equtv. 

equiv. 

Dog No. 1 

Resting secretion 

0.1 

0 


1.7 


■pSS 



12.0 

132 

146 

: IM3 

mm 

Em 


Histamine 0.2 mgm./kgm. 

16.5 

132 

14S 

16.0 

140 

146 



G.O 

116 

144 

19.0 

144 

150 






i DRUG I, SUBCUT,, 






75 uom./xcm. 

Dog No. 130 

Resting secretion 

1.3 


90 

0.6 

0 

I 50 



18.4 

132 

140 

20* 1 

124 

136 


Histamine 0.2 mgm./kgm. 

12.1 

132 

13S 






4.2 

130 

140 









drug it, 25 hcu./kgu. 

Dog No. 92 

Resting secretion 

1.2 

52 

70 


0 

Ml 





146 

4.6 

128 



Histamine 0.2 mgm./kgm. 


9 

150 

12.0 

128 

m 





148 

11.0 

142 

m 


* 30-minute sample. 


■esponse to histamine administered subcutaneously in the quantities indicated. 
The mass of the experimental data indicated that neither the quantity nor the 
icidity of the secretion was affected. The results shown in table 1 are repre- 
sentative of the experiments in which one dose of histamine was used. In one 
experiment in which Drug II was given subcutaneously (26 mgm./kgm.) there 
was a delay in the secretory response of about one-half hour. This result was 
never observed again and the animal had shown an early mild toxic reaction 
to the drug. Drug II was not tested in a higher dosage than 26 mgm./kgm 
subcutaneously as in the dog receiving 75 mgm./kgm., convulsions prevented 
the collecting of the samples. 

We have considered the justifiable criticism that a diminution of the gastric 
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response to histamine is too severe a test for the anti-histamine activity of any 
drag. This could be said knowing the minute amounts of histamine that may 
cause the stomach to secrete. We had thought of determining the amounts of 
histamine necessary to produce a gastric response with and without the previous 
administration of the drugs, but in our experience the response of the gastric 
pouch with minimal doses of histamine is extremely variable in itself. The 
absence of effect on the characteristic secretory response to one dose of histamine, 
whether the drug was given subcutaneously or in high concentration into the 
pouch, and likewise absence of effect on a secretory response maintained by 
multiple doses of histamine, have made us doubt whether these drugs were truly 
anti-histamine substances. There was no evidence of in vitro inactivation of 
histamine by either of the two drugs, which is in accord with the observations 
of other investigators. 

Toxic reactions. Intravenous administration. Doses of 1-2 mgm./kgm. of 
either drug caused no objective signs in dogs unless the occurrence of defecation 
and urination, which frequently occurred about one-half hour after administra- 
tion, was due to the drug. In one animal 5 mgm./kgm. of Drug I caused a 
momentary collapse followed by an appearance of malaise and anxiety of about 
two hours duration. 

Subcutaneous administration. In many of the experiments on the gastric 
pouch dogs doses of 25 mgm./kgm. were given, usually without apparent reac- 
tion. With Drug I one animal at this dosage showed a motor reaction similar 
to a “running fit,” another showed a recurrent nodding tic of the head. Defeca- 
tion occurred in some instances and more rarely vomiting was noted. In one 
dog 40 mgm./kgm. of Drug I caused no visible disturbance whatever. Four 
dogs were given 75 mgm./kgm. in 2% solution of Drug I in multiple sites sub- 
cutaneously. This produced vomiting, apparent malaise and mild ataxia in all 
animals; the symptoms were maximal in about J.hour and had worn off in about 
3 hours. One dog was given 75 mgm./kgm. of Drug II and it developed recur- 
rent severe convulsions, ataxia, hyperirritability and possibly hyperaestheaia. 
Intravenous anaesthesia by a barbital derivative was required to control the 
convulsions. Twelve hours later the animal was still unable to walk on account 
of ataxia and apparent weakness, and still showed a hyperirritability to moving 
objects in its environment. Only by the fourth day was recovery nearly 
complete. 

Oral administration. One dog was given a gelatin capsule containing 240 
mgm. (20 mgm./kgm.) of Drug I. Fifteen minutes later the animal began to 
retch, and at short intervals during the next hour vomited a frothy mucus. 
The animal appeared generally ill but without any definite objective signs. As 
this reaction was apparently due to gastric irritation and absorption was uncer- 
tain, this method of administration was not tried again. 

Analgesic effect. We have found that quantitative differences in cutaneous 
sensibility are very difficult to assess in the dog. The response to pin prick over 
the general skin surface of our normal animals has been extremely variable, even 
from one moment to another. The response to pin prick on the toe pads or 
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pressure on the feet has fairly constantly produced evidence of pain in the form 
of whining, withdrawal of the foot, and rapid turning of the head toward the 
affected area. The pupillary response to pain has not been a particularly useful 
test in otir experience. 

Four dogs receiving Drug I in doses of 75 mgm./kgm. subcutaneously were 
tested for analgesic effect by application of induced currents, by pricking, 
and by pinching. The threshold for regular reflex flexion on electrical stimu- 
lation of the dorsum of the foot was ascertained before injection of the drug at 
another site. After injection the animals still responded to the same stimulus 
but with incomplete regularity. Likewise the dogs still responded by leg 
flexion to pinching of the toes. The responses to pricking over the entire body 
surface were reduced but not abolished. These effects were seen a half hour 
after injection and persisted for about 2 hours. Smaller doses, 25-40 mgm./ 
kgm., were without demonstrable effect on pain. In the higher dose levels 
Drug I appears to have a general analgesic effect, which according to our tests 
is incomplete. 

In one dog, 21 mgm. of Drug I was injected into the left femoral artery and 
no analgesic effect was seen in this leg. A 1% solution of Drug I placed in the 
conjunctival sac produced hypaesthesia of short duration (15-30 minutes). 
In this concentration the drug did not produce any evidence of conjunctival 
irritation. 

In regard to Drug II, there was never any evidence that it had any effect on 
cutaneous sensibility except that in the one dog receiving 75 mgm./kgm. there 
was the possibility of hyperaesthesia. 

Reactions in the human skin. Histamine dihydrochloride (0.025 mgm.) 
injected into the same bleb in the epidermis made 10 minutes previously by 
either drug (0.1 cc. containing 0.1 mgm.), produced a wheal and flare similar to 
that of a control reaction to the same amount of histamine in normal skin. 
Histamine of the same amount injected intracutaneously in a region where 1 
mgm. of either drug had been injected subcutaneously 10 minutes previously 
also produced a wheal and flare similar to a control. The blebs produced by 
the injection of either of the drugs intracutaneously were anaesthetic only over 
the raised portion of the epidermis. No anaesthesia was produced in the 
regions where the drugs were given subcutaneously, but in one instance hypaes- 
thesia was noted. The small doses used are probably of no consequence in 
determining the local anaesthetic value of the drugs, but we were not primarily 
interested in this. The histamine wheals were sensitive to pin prick irrespective 
of whether they were produced in an area previously injected by drug or in an 
area of normal skin. In our experience, histamine dihydrochloride intra- 
cutaneously produced sharp pain but only of momentary duration. 

Protective action in guinea pigs. To give some assurance that the dnigs, 
new in our hands, could produce similar results in different laboratories, the 
protective action against histamine shock was tested in a small series of guinea 
pigs (3 groups of 3 animals). The dose of intravenous histamine diliydro- 
chloride used was 1 mgm./kgm. 
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A subcutaneous dose of 40 mgm./kgm. of Drug I given 20 minutes previous 
to the histamine gave some protection against the severe dyspnoea and though 
the animals showed collapse, they recovered completely after 2 hours. 

A subcutaneous dose of 40 mgm./kgm. of Drug II given 20 minutes previous 
to the histamine gave complete protection so that no appearance of shock de- 
veloped at all. The three controls, given the same intravenous dose of histamine 
died in a few minutes, showing the characteristic histamine shock picture. 

Comments. Absence of inhibitory effect of Drug I upon the gastric secretory 
response is in confirmation of the report of Loew and Chickering. These work- 
ers employed a smaller dose of histamine and found that a somewhat larger 
histamine response occurred with Drug I than without. They did not study 
Drug II. 

"We wish to call attention to the fact that we have not tested preparations of 
these compounds from sources other than those mentioned and it is not beyond 
possibility that impurities in material from one or another source in manufacture 
may have influenced either our own results or those of others. It is necessary 
to consider also the possibility of deterioration of the drug but this is considered 
unlikely. It may be of significance in respect to impurities, that tho drugs we 
used did not cause any conjunctival irritation, while the samples used by Staub 
did. The fact that the material we employed was in our hands able to give 
protection against acute histamine poisoning in the guinea pig, as found by 
investigators using other of these substances, argues against any marked dif- 
ference in the drugs used. 


SUMMARY 

The substances, thymoxyethyldiethylaminc and iV'ethyl-iV'-diethylamino- 
cthyianiline, have not had demonstrable specific histamine antagonism, as tested 
by the gastric secretory response of Heidenhain pouch dogs to histamine stimu- 
lation. This fact, together with a survey of the reported work, would indicate 
to us that these materials have a non-specific protective action against smooth 
muscle contraction. It seems probable that they have a strong preferential 
inhibition on the histamine type of smooth muscle reaction. With large doses 
of thymoxyethyldiethylamine administered subcutaneously some evidence of 
lowered pain sensitivity was observed. No complete analgesia was noted. 
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A COMPARISON OF THE EFFECT < OF EPINEPHRINE ON BLOOD 
PRESSURE WHEN INJECTED I MTO A VEIN AND WHEN IN- 
JECTED INTO THE MARROW CAVITIES OF BONE 1 

MILES E. DRAKE and CHARLES M. GRUBER 
From the Department of Pharmacology, Jefferson Medical College, Philadelphia, Pennsylvania 

Received for publication September 2, 1941 

An attempt to stimulate the bone marrow of patients suffering from pernicious 
anemia by injecting an aqueous solution of liver extract into the sternal marrow 
cavity was made by Josefson (1). He describes the accompanying symptoms as 
being similar to those noted upon the intravenous injection of the product 
Tocantins (2) and Tocantins and O’Neill (3) rep-n t, that blood, glucose and other 
fluids, when injected into the marrow cavity <■ . the tibia of rabbits and of the 
sternum of man were almost immediately aD'-. rbed” into the general circula- 
tion. By X-ray studies in dead rabbits Toearums (2) showed that if mercury is 
injected into the marrow cavity of the tibia it rapidly enters the veins in the bone 
cortex and the deep femoral vein. He also noted the fact that if either Congo red 
dye or fluorescein is injected into the tibia it can be recovered within 10 seconds 
in the plasma of the blood drawn from the right heart. 

Potent drugs soluble in water or physiological saline were injected into the 
marrow cavities of various animals by Macht (4). The subsequent “absorp- 
tion” of the drug was indicated by the characteristic systemic effects produced. 
He believed all of the drugs which he studied were “promptly absorbed” through 
the bone marrow. He also introduced epinephrine in oil into medullary canals, 
and he observed a marked and long-sustained rise in blood pressure, an effect 
which could not be achieved by the injection of such an oil solution into skeletal 
muscle. 

Since injections of saline, glucose solution and blood have been made into 
marrow cavities of bones in human beings and since similar injections of drugs in 
aqueous as well as in oily suspensions have been made in experimental animals, 
we believe a thorough knowledge of what happens to these substances when so 
administered is most important. The injection of oily suspensions into the 
marrow cavities of bones should be fully studied to determine whether the oil is 
retained in the bone marrow and subsequently slowly “absorbed” or whether it 
passes directly into the venous circulation v.ith the possibility of producing oil 
emboli in other organs. 

Method, Dogs under ether anesthesia and decapitated cats were used to determine if 
there was a difference in action when equal quantities of epinephrine arc injected into a vein 
or into the bone marrow. The blood pressure was recorded from the right carotid artery 
with a mercury manometer. Heparin was used as the anticoagulant. While under ether 
anesthesia the cats were decapitated according to the method described by Sherrington (5). 
Respiration was maintained by a motor driven respirator. 

1 This research was made possible by a grant from Parke, Davis 4 Co. for research in 


science. 
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INJECTIONS INTO BONE MARROW 


Two aqueous solutions of epinephrine hydrochloride were used in each scries of experi- 
ments. In the experiments on dogs 111, 000 and 1:10,000 and in those on cats 1:100,000 and 
1:1,000,000 dilutions were used. The drug was injected into the left femoral vein and after 
its effect was recorded and after the blood pressure had returned to the control level for 
some minutes, the same amount of drug in the same concentration and volume was injected 
at the same rate into the marrow cavity of the left tibial bone. This routine was later 
repeated with the other dilution. In these experiments the only variable was the volume of 
fluid injected. One hundred and eighty-six injections were made in dogs and 110 in cats. 
These were distributed equally between the intravenous and the intramedullary routes. 
In each experiment the latent period, the rise in blood pressure and the duration of increased 
blood pressure were determined. The pointed end of a No. 18 Byringc needle with an 
obturator was forced by pressure and a rotary drilling motion through the shaft of the bone 
into the marrow cavity of the left tibia about 1.5 to 2.0 cm. below the medial condyle and 
slightly medial to the crest. When the needle is in the marrow cavity the withdrawal of 
the obturator usually causes blood to appear in the Outlet of the needle. All injections 
into the marrow cavity were made through this hollow needle. In those experiments in 
which the pressure w ithin the marrow cavity w as studied with a water manometer, there was 
no noticeable increase in pressure during the injection of the drug. 

Rabbits and cats under ether or urethane anesthesia and etherized dogs were used in the 
experiments in which we attempted to determine whether the material injected into the 
marrow cavity remained in the bone marrow to be absorbed or whether it passed through 
the marrow spaces into the venous circulation. The left common and deep femoral veins 
were exposed and during the experiment they were watched closely for changes in color and 
for the presence of oil while it was being injected into the bone marrow. 

Mineral oil, epinephrine in oil, pitreasin in oil and some essential oils in 0.01 to 1 cc. 
doses were studied. By means of a stop watch the time was determined from the start of 
the injection to the time of the appearance of the oil as it passed through the deep femoral 
vein. In some experiments 1 cc. of epinephrine in oil (2 mgm. per cc *) was injected intra- 
venously and then into the bone marrow and in other experiments the injections were made 
in the reverse order. The changes in the blood pressure produced could thus be compared. 

Results. A comparison of the changes of blood pressure when small volumes 
of epinephrine hydrochloride are injected into a vein and when they are injected 
into the bone marrotv of a cat is shown in figure 1. It w*ill be noted at 1,2 and 
5, that the intravenous injections of a 1:100,000 dilution of epinephrine (0.001 
mgm. per kilogram) caused an average increase in blood pressure of 40 mm. Hg. 
The same dose injected into the bone marrow at 3 and again at 4 caused an 
average increase in blood pressure of 28 mm. Hg (61% of the intravenous re- 
sponse). 

The average increases in blood pressures when the same amounts of epineph- 
rine are injected into a vein and when injected at the same rate and volume 
into the marrow cavity of a bone in dogs and cats are shown in table 1. It will 
be observed that as the volume of fluid injected is decreased the blood pressure 
response is not greatly altered when the injection is made intravenously but it 
decreases sharply when injections of a similar nature are made into the bone 
marrow. 

Our experiments by direct observation of the deep femoral vein during injec- 
tions of mineral oil, epinephrine in oil or pitressin in oil into the bone marrow 
indicate that these substances enter the venous sy tem too rapidly to get there by 
a process of “absorption.” If 1 cc. of any of the above oily substances is injected 

* Parke, Davis & Co. 
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moderately rapidly into the tibial bone in a dog, cat or rabbit the oil will be seen 
in the common femoral vein within one second after the beginning of the injec- 
tion. It can be seen flowing in the venous blood stream in the deep femoral vein 
as long as the administration lasts and it usually disapppears upon completion of 
the injection. It was also noted that if the general circulation was poor more 
time was needed for the oil to appear in the deep femoral vein. This is due to the 
fact that the flow of blood carrying the oil is slower and more time is required for 
the oil to travel from the spaces in the bone marrow to the point in the femoral 
vein where it is visible. 

The injection of 2 mgm. of epinephrine in 1 cc. of peanut oil into the bone 
marrow of dogs and cats caused an average rise in blood pressure of 24 and 27% 
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Fig. 1. Decapitated Cat, 2.4 kgm. 

Upper record is that of blood pressure, below it the time in 6 second intervals and zero 
blood pressure. The bottom record indicates the interval between the injection and the 
onset of action. At 1,8 and 6, epinephrine hydrochloride in a (0.001 mgm. per kilogram) 
1 : 100,000 dilution was given intravenously . At S and 4 the same quantity of the same solu- 
tion was injected into the bone marrow of the tibia. 

respectively with an average duration of action of 15.5 and 11 minutes respec- 
tively. When the same dose was given intravenously the average increases in 
blood pressures in these same animals were 23 and 27% with average durations 
of action of 15 minutes. Some respiratory embarrassment was seen following all 
such injections. In our experiments .cardiac irregularities were frequently en- 
countered in both cats and dogs. When the heart and lungs of these animals 
were excised and cut under water, droplets of oil were seen floating on the surface. 

A third series of experiments was performed in an attempt to determine the 
volume of fluid retained in the bone marrow following an injection. In these 
experiments both posterior extremities of rabbits and cats were disjointed and 
severed from the body at the sacrum after the animals were dead. A cannula 
was inserted into the popliteal vein. India ink and mineral oil were injected into 
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the marrow cavity on alternate trials. Knowing the volumes held by the needle 
and cannula and the amount of fluid injected, it was possible to approximate the 
amount of the solution retained in the bone cavity. The average amount of 
either oil or india ink needed to fill that part of the marrow cavity which was 
injected was roughly for the rabbit O.OG (25 observations) and for the cat 0.07 
cc. (49 observations). 

Discussion. From the results of our experiments and those of Tocantins (2) 
and Tocantins and O'Neill (3) we believe that most water solutions (saline, glu- 
cose, blood plasma and blood), when injected into the marrow cavity, pass 
directly through the marrow spaces into the venous circulation and are im- 
mediately distributed throughout the body. Oils and suspensions of insoluble 
materials in water also pass directly into the general venous circulation but 
probably become lodged in the capillaries of the lungs before reaching the general 
arterial circulation. We were able to confirm Macht’s (4) observations that 
when epinephrine in oil is injected into the bone marrow it causes a prolonged rise 
in blood pressure which was not seen on intramuscular injections. However, we 


TABLE 1 



EpixzrmiNE 

metZASE IN BLOOD PlESSUIfc 
lot. llg 

Dilution 

cc. per kjrn. 

Drug injected into 

Veit. 

Done marrow 

Dog j 

1:10,000 

0.1 1 

<53 1 

47 

1:1,000 

0.01 

60 

22 


1:1,000,000 

1.0 

116 

101 


1:100,000 

0.1 

102 | 

35 


observed the same circulatory effects when the epinephrine in oil was injected 
intravenously. According to Macht “Volatile oils are rapidly absorbed through 
the bone marrow but fixed oils are absorbed more slowly, thus retarding absorp- 
tion of active principles dissolved therein.” This difference in speed of action 
between essential oils and the fixed oils wc believe to be due to the rapid volatil- 
ization of the essential oil in the blood stream and lung capillaries, thus freeing its 
drug for immediate action. When such oils arc injected into the bone marrow of 
the tibia in 1 cc. doses, most of the injected oil passes through the marrow spaces 
and appears immediately in the popliteal and deep femoral veins. In those 
experiments which we performed with the use of these oils a fall in blood pressure 
was noted immediately upon their injection into the bone marrow. The reason 
for the slower “absorption” of chlorobutanol and camphorated oil, etc. dissolved 
in fixed oils is, we believe, that the drugs are liberated slowly from the droplets of 
oil lodged in lung capillaries and perhaps in the capillaries of other organs. We 
are convinced that the injection of any oily solution into the bone marrow is a 
dangerous procedure and should never be attempted in human beings nor 
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should irritants be so injected. Sterile saline, glucose, blood plasma, and blood 
can be injected by this route without danger to the patient. Because of the 
sniallness of the veins leading from the bones all injections should be made slowly. 

CONCLUSIONS 

1. No gross difference in the latent periods and durations of action on blood 
pressure were noted between injections of epinephrine into veins and into bone 
marrow. 

2. When small volumes of epinephrine are injected into the bone marrow the 
increase in blood pressure is approximately one-third that caused by a like in- 
travenous injection. A small part of the injected material remains in the marrow 
spaces. When large volumes of a weaker solution are administered, most of the 
active substance passes quickly through the marrow spaces into the general 
circulation, consequently the increase in blood pressure is approximately equal to 
that induced by an intravenous injection. 

3. Oils and suspended particles in water when injected into the marrow cavity 
of the tibial bone appear in the popliteal and deep femoral veins within one 
second after the beginning of the injection and they continue to be present as 
long as the injection lasts. A direct communication between the bone marrow 
and its venous drainage exists. 

4. Because of the direct communication between the bone marrow and its 
venous drainage, oils, substances dissolved in oil and materials suspended in 
water should not be administered by this route. 

5. Since a small amount of the injected material remains in the bone marrow 
irritant substances should not be administered by this route. 
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In 191G MacNider (1) reported that sodium carbonate could be used to protect 
the dog’s kidney against the toxic action of uranium nitrate. Later Goto (2) 
showed that sodium bicarbonate afforded the same type of protection against the 
substance. Whipple and his associates (3) found that hemoglobin gives pro- 
tection for the kidney against injury by mercuric chloride. Recently Selye (4) 
made use of testosterone proprionate to successfully protect the kidney of the 
mouse against mercuric chloride poisoning, and Kety and Letonoff (5) have re- 
ported the use of sodium citrate as an effective agent in the treatment of lead 
poisoning. There is no apparent correlation between these various factors which 
offer protection against heavy metal injury. 

In this paper evidence is presented to show that sodium citrate leads to re- 
covery following a lethal dose of uranium nitrate by facilitating repair and 
regeneration in the injured renal epithelium. 

Methods. Forty-six female dog3 between the ages of one and three years, with weights 
varying between 5 and 12 kgrn. were used in the experiments. All of the animals were 
maintained on a regular kennel diet of cooked meat scraps and uncooked bones, supple- 
mented occasionally by Purina dog chow. The intake of water was not restricted. 

Each animal received a single subcutaneous injection of uranium nitrate, 5 0 mgtn. per 
kgm. of body weight in 0.5 per cent aqueous solution (Merck, lot S-7497). Prior to receiving 
uranium nitrate certain of the animals were given daily, for five successive days, intravenous 
injections through the jugular vein of a saturated aqueous solution of tri-aodium citrate 
0.33 cc (approximately 230 mgm.) per kgm. of body weight. On the fifth day the uranium 
nitrate was injected in the amount and manner as before desciibed. The intravenous 
tri-sodium citrate injections were then continued for five additional successive days follow’- 
ing the uranium. The amount and timing of the citrate injections is explained by the fact 
that these studies grew out of other studies in which sodium citrate was used as an anti- 
coagulant (6). 

Studies of the urine consisted of specific gravity determinations, qualitative tests for 
albumin, microscopic studies, and determination of phcnolsulphonphthalein elimination. 
Studies of the blood were confined to determinations of non-protein nitrogen by the method 
of Folin and Wu (7) and of the carbon dioxide combining power of plasma by the method of 
Van Slyke and Cullen (8). 

Anatomical studies were made on all animals which died, on certain animals which were 
sacrificed, and on Burvivora from which biopsy material was removed. Paraffin sections 
stained with homotoxylin and eosin were made routinely from the kidney and liver. 


1 Aided by funds from the Josiah Macy, Jr. Foundation and the John and Mary R, 
Markle Foundation. 
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Results. In the first group of 13 control dogs which received one subcu- 
taneous injection of 5 mgm. of uranium nitrate alone, all of the animals by the 
seventh day showed signs of a severe intoxication such as the refusal of food, 
nausea and vomiting, rapid loss of weight, inability to stand, and finally anuria. 
Between the ninth and thirteenth days 12 of the 13 animals died. 

In the second group of 14 animals which received uranium nitrate preceded for 
5 successive days and followed for 5 successive days by intravenous injections of 
0.33 cc. per kgm. of a saturated solution of sodium citrate one animal died. The 
survivors in this group showed little, if any, clinical evidence of the intoxication. 
None of them failed to eat, and none of them showed any signs of nausea or 
weakness. 

Albumin, red blood cells, and casts appeared in the urine of all animals within 
twenty four hours after injection of uranium. These changes persisted in the 
control group until an anuria developed, while in the “citrate” group the amount 
of albumin and the number of casts and red blood cells was diminished by the end 
of the second week and had largely disappeared by the end of the third week. 
Phenolsulphonphthalein elimination in both groups was reduced to virtually a 
negative reading and failed to increase in the control group. In the “citrate” 
group the output of the dye was increased to an average of 10% by the twelfth 
daj' and to 30% by the end of the third week. 

The blood non-protein nitrogen in the control and “citrate” groups rose to 
comparable levels of retention during the first week. This level in the control 
group increased until death, while in the “citrate” group there was a definite 
decrease by the tenth or eleventh day. By the end of the third week the blood 
non-protein nitrogen in the animals of this group had returned to within normal 
limits. 

The blood plasma carbon dioxide combining power showed about the same 
fall in the reserve alkali of both the control and “citrate” animals during the 
first week. By the ninth day, however, the “citrate” animals showed a rise 
toward normal which was completed by the end of the third week. In the con- 
trol animals the diminished carbon dioxide combining power persisted until 
death. 

Histological studies were made of the kidneys from a group of control and 
“citrate” animals sacrificed in pairs at intervals of 3, 6, 8, 10, and 12 days after 
the injection of uranium nitrate. In both groups, at the end of 3 days, the 
studies show the same apparent degree of injury with edema and early necrosis of 
the convoluted tubules especially of the proximal convolution. Figures 3 and 
4 show comparable areas in the cortex of the kidneys of a control and of a 
“citrate” animal both three days after the commencement of the uranium 
intoxication. 

In the 6 day animals histological studies show there is a more advanced injury 
with necrosis especially well seen in the proximal convolution of the tubule. 
Limited sloughing of the necrotic tissue has taken place and a flattened type of 
epithelium emphasized repeatedly by MacNider (9) is beginning to reline the 
necrotic tubules. At this stage these regenerative epithelial changes begin to be 
more prominent in the “citrate” animals. Figures 5 and 6 show comparable 
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areas in the cortex of the kidneys of a control animal and of a “citrate” animal 
both six days after Uranium. 




striking «« » 

ntne citrate animals approximately half of the tubules 
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Scattered evidence exists that different anaesthetic agents produce alterations, 
in the volume, of blood and body fluids. McAllister (1) found in dogs that ether 
anaesthesia produced a decrease in plasma volume and an increase in red cell 
volume and plasma protein concentration. In humans, Stewart and Rourke 
(2) and Gibson and Branch (3) have reported that ether anaesthesia is followed 
by a decrease in plasma volume. Anaesthesia by barbiturates, on the other 
hand, appears to cause an increase in plasma volume (e.g. amytal in dogs (Boll- 
man el al. (4)), pentobarbital in cats (Hamlin and Gregereen (5)). These re- 
sults explain the earlier observations of Hamburger and Ewing (6) and Searles 
(7) that ether in dogs caused an increase in red cell count and haemoglobin con- 
centration, and of Barbour and Bourne (8), also in dogs, that the total blood 
solids were increased and of Searles (7) that amytal in dogs caused a decrease in 
red cell count and haemoglobin concentration. 

In view of these changes produced by anaesthetics, it has been thought that in 
the state of shock certain anaesthetics might be more harmful than others. 
Indeed, the opinion was widely held among military surgeons during the Great 
War 1914-1918 that ether and chloroform were more harmful to shocked pa- 
tients than was nitrous oxide (Bazett (9), Krabbel (10)). 

For many years the only experimental support for this view consisted of a few 
observations in cats by Dale (11). Recently, however, further support has been 
given by experiments on rabbits by Dafoe (12). 

It seemed desirable, in this investigation, to extend the studies of the effect of 
various anaesthetics on blood volume to include nitrous oxide, cyclopropane 
and pentothal, and in addition to determine their effect on other components 
of the body fluid, in the hope of obtaining a clearer understanding of the effects 
of these agents on the normal circulation and possibly in shock. 

Methods. In this investigation the various body fluid compartments measured included 
plasma volume, and red cell volume, which together yield the total blood volume. In 
addition by the use of sodium thiocyanate, the total available fluid or thiocyanate space 
is determined, which is a hypothetical volume in which the thiocyanate is dissolved in a 
concentration equal to that of the plasma, and as used in this paper includes plasma and 
interstitial fluid, as defined below. Much evidence exists that thiocyanate is distributed 
among several compartments of the body fluid, Buch as plasma, red cells, extracellular fluid 
and certain intracellular spaces in gland cells. For purposes of this paper the extracellular 
fluid and the small portion of intracellular fluid entered by the thiocyanate are lumped 
together and termed interstitial fluid, and this volume is determined by the use of a formula 
presented later. 

Plasma volume was measured by the use of the dye Evans Blue, T 1824, and total avail- 
able fluid by means of sodium thiocyanate. These two materials were injected intra- 
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venously simultaneously (by a procedure similar to tlmt described by Gregcrsen and Stew- 
art (13)) and the concentration of the dye and thiocyanate in subsequent blood samples 
determined by the use of the Evelyn photoelectric colorimeter, using a 635 filter for the blue 
and a 490 filter for the thiocyanate. 

Haemoglobin estimations were made using the method described by Evelyn (14). Red 
cell fraction estimations were carried out when each sample of blood was taken. Uniform 
glass tubing 0.5 mm. and 0.8 mm. in external diameter was used in 4-6 cm. lengths to obtain 
haematocrit values. After filling the tubes with blood, one end was scaled and they were 
spun for 5 minutes at 15,000-17,000 r.p.m. The value obtained from the haematocrit 
determination is called the per cent cell volume in this paper. At each time a blood sample 
was taken, duplicate haematocrit readings were made, and all the values obtained from 
the blood samples concerned in calculating the plasma volume were averaged to yield the 
per cent cell volume vnlue for use in calculation of the red cell volume. 

Procedure. Male dogs varying in weight from 17-23 kgm. and trained to lie quietly on 
the operating table for 2-1 hours, were used in these experiments. Each animal was fasted 
15-18 hours before being used and weighed before or after each experiment. Rcfore com- 
mencing an experiment the animal was allowed to rest on the table 20-30 minutes. As 
the dogs weighed approximately the same, in each case 2 cc. of 1% Evans Blue and 8 cc. 
of 5% sodium thiocyanate solutions were used. The dye and thiocyanate solutions were 
measured out accurately into a beaker and the mixture taken up in a syringe, the beaker 
being rinsed with normal saline. Two such mixtures were prepared. 

After taking a control sample of blood under oil from a leg vein, one of the dye mixtures 
was injected intravenously by the same vein, subsequent samples of blood were taken from 
a vein in the opposite leg at intervals of 30, 40 and 50 or 25, 35, 45 and 55 minutes. The 
drug or anaesthetic under investigation was now given and after a suitable interval for its 
action to develop, two or three blood samples were taken over the next 20-30 minutes. 
Then the second dye mixture was injected and at similar intervals to those used before, 
blood samples were taken. 

It is realized that in this way there are two measures of the effect produced by any drug 
upon the fluid compartments measured, one obtained from alterations produced in the dis- 
appearance curves of the originally injected dye and thiocyanate, the other by the redeter- 
mination of the various volumes by use of the second dye mixture. 

Treatment of blood samples. The blood samples were allowed to stand overnight in the 
ice chest. They were spun in the centrifuge, and the scrum removed. Estimations of the 
dye and thiocyanate content of each were carried out on 0.5 cc. HCrum samples diluted to 
6 cc. with 0.2% anhydrous sodium carbonate solution, as described below (a correction for 
any possible haemolysis which might have occurred that would affect the optical density 
of the Evans Blue was carried out. It was similar to that described by Evelyn (15)). 

Calculations. The values for the Evans Blue and sodium thiocyanate of the various 
samples were plotted against time, and on extrapolation back to zero time a value is ob- 
tained which represents a certain amount of Evans Blue or sodium thiocyanate per cc. 
original serum as determined from the standard curves. As the amount of dye and thio- 
cyanate injected is known, the value for plasma volume and total available fluid may be 
calculated. 

The values for Evans Blue and podium thiocyanate obtained after reinjection of the dye 
mixture were treated similarly. On extrapolation to zero time (the time of reinjection) 
a value is obtained, after which subtraction of the value existing at the time of reinjection 
yields a final value for the Evans Blue or thiocyanate which is treated as before, i e. calcu- 
lating the plasma or total available fluid (see fig. 1). 

Red cell volume is calculated from the formula g X R « red blood cell volume, where 

P.F. = plasma volume, R = the average per cent red cell volume, £ = the average per cent 
plasma volume. The total blood volume is the sum of the plasma volume and the red cell 
volume. 
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TIME 


Fia. 1. The Plotting op a Control Experiment, Showing the Corves por Evans Blue 
and por Thiocyanate; Also the Changes in Per Cent Cell Volume 



Fig. 2. The Standard Curve for Evans Blue 


A criticism may be levelled at the method of calculating red cell volume; according to a 
number of workers the value arrived at in this manner is probably not the correct one ( 16 ), 
because the red cell fraction in capillaries is smaller than in larger vessels. On the other 
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hand, other investigators (17) have found a very close correlation between the values arrived 
at by this and the CO method. In this report changes in volume rather than absolute values 
are under consideration and so no correction for cell volume has been made. 


The volume of interstitial fluid space is calculated by the formula I « 0.95 


(I 


- P - 


0.5 C) where I — the interstitial, fluid space, 0 the quantity of sodium thiocyanate in- 
jected, and S *= the concentration of thiocyanate in scrum, P «= the plasma volume, 0 5 C — 
a correction for the volume of fluid in red cells entered by thiocyanate, 0.95 « an arbitrary 
correction for the Donnan distribution between plasma and interstitial fluid. 

Chemical procedure. Standard curves were prepared for each batch of Evans Blue and 
of sodium thiocyanate. To each of a series of calibrated colorimeter tubes was added 0.5 
cc. serum and concentrations of Evans Blue, 5-50 /jgm., the final volume brought to 6 cc. with 
0.2% anhydrous sodium carbonate solution. Using filter 635 in the colorimeter, the deflec- 
tions produced by the various dilutions of Evans Blue were read from the scale. These 
values were transposed to density readings and plotted against the estimated known con- 
centrations of the dye (fig. 2). 

The standard curve for the thiocyanate was prepared similarly. To each of a series of 
calibrated tubes was added 0.5 cc. serum, concentrations of sodium thiocyanate varying 
from 20-100 pgm., the final volume being brought to 6 cc. with the sodium carbonate solu- 
tion. Then 1 cc. of 25% trichloracetic acid was added to each tube (this precipitated the 
protein and if any Evans Blue was present, it came down with the precipitate). After 5 
minutes 1 cc. of the ferric nitrate reagent was added (Crandall and Anderson (18)) to each 
tube, the tubes were well shaken and allowed to stand for 5 minutes. They were then spun 
in the centrifuge for 10 minutes at 1300-1500 r.p.ra., when they were shaken and regpun 
for a further 10 minutes. This was found to yield very clear supernatants. Using filter 
490 in the colorimeter the procedure was carried out as before, plotting the obtained density 
values against estimated known concentrations. 


Experiments: Normal untreated animals. This series of experiments 
•was undertaken to see how closely the various values determined by the initial 
injection of dye material checked with those obtained by the subsequent similar 
injection. 

Results. Figure 1 is the plotting of one such experiment and the results ob- 
tained from 18 similar experiments are given in the table. No significant dif- 
ference was found between the values obtained initially and those obtained after 
the injection of the second dye mixture for the plasma volume, red cell volume, 
total blood volume, total available fluid or calculated interstitial fluid space, 
while the second determination of percent cell volume showed a significant, 
though slight decrease. 

Some experiments undertaken to determine the cause of this decrease in per 
cent cell volume indicated that it was partly the result of further relaxation of 
the animal and partly due to the action of the thiocyanate. Even in control 
experiments a decrease in per cent cell volume was observed, which reached a 
fairly constant level in about 30 minutes. These observations are similar to 
ones reported by Gibson and Evans (20) for humans, and by Hemingway, Scott 
and Wright (21) for haemoglobin values on repeated sampling in dogs. 

The results of this series of experiments indicated that the method as employed 
would be suitable for the investigation of the effects of various drugs upon the 
volume of the different body fluid compartments. 
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Examination of some premedicant drugs. Experiments with atropine 
sulphate. Doses of atropine sulphate (0.65-1.3 mgm.) sufficient to depress 
salivation occurring in ether anaesthesia, were given subcutaneously, after 
having determined the initial fluid volumes. The atropine was allowed to act 
for 35-40 minutes before redetermination of these various values was 
carried out. 

Results. The results of the six experiments given in the table indicate that 
no significant changes occurred in any of the volumes measured. 

Experiments with morphine sulphate. Doses of 30-35 mgm. of morphine 
sulphate in a 4% solution were given subcutaneously after initial determination 
of the volumes. These amounts of morphine produced a quieting effect upon 

TABLE 1 

The differences between the initially determined and redetermined volumes in each case 
are expressed as percentage change of the initial value. The mean of these differences for 
each case is calculated and the statistical signiffcance determined by the use of Fisher’s 
“T” test (19). The significant values in the table are marked with an asterisk. 


SERIES 

no, or 

CASES 

PLASMA 

VOLUME 

RED CELL 
VOLUME 

TOTAL 

BLOOD 

VOLUME 

TOTAL 

AVAIL- 

ABLE 

FLUID 

CALCU- 

LATED 

INTER- 

STITIAL 

FLUID 

SPACE 

PER CENT 
CELL 
VOLUME 

Untreated 

18 

+0.7 

-1.0 

-0.2 

-0.1 

-0.2 

-1.4* 

Atropine 

6 

+1.6 

+0.5 

+1.1 

-1.2 

-1.7 

-0.7 

Morphine 

8 

-2.6 

+53.8* 

+20.1* 

+1.1 

-2.3 

+27.3* 

Morphine and atropine 

8 

+0.5 

+15.9* 

+6.6* 

-8.1* 

-12.2* 

+8.5* 

Ether 

10 

-5.4* 

+58.3* 

+22.2* 

-10.4* 

! vl7.3* 

+30.4* 

Morphine, atropine and ether 

8 

-9.0* 

+56.9* 

+17.1* 

-11.6* 

-17.3* 

+33.3* 

Pentobarbital 

10 

+8.9* 

-11.3* 

+0.3 

-1.3 

-2.6 

-11.5* 

Pentothal 

6 

+ 10.2* 

-8.2 

+2.3 

-7.1 

-10.2 

— 10.5* 

Nitrous oxide 

5 

+3.2 

+52.2* 

+24.8* 

+0.6 

-3.9 

+21.6* 

Cyclopropane 

5 

-2.5 

+56.4* 

+22.4* 

+3.0 

+0.7 

+27.3* 


the animals. Thirty-five to 40 minutes were allowed for the action of the drug 
to develop before redetermining the various values. 

Results. The results obtained from 8 such experiments are shown in the 
table and it is seen that no significant changes were observed in the plasma vol- 
ume and total available fluid or calculated interstitial fluid space. The per cent 
cell volume showed an increase of 27.3%, the red cell volume an increase of 
53.8% and the total blood volume an increase of 20.1%. The changes in 
haemoglobin values followed those of per cent cell volume closely. In similar 
experiments carried out with 30 mgm. doses of morphine on a splenectomized 
animal, the only change noted was a slight decrease in per cent cell volume and 
haemoglobin after the administration of morphine. 

The increase in per cent cell volume is probably a little greater than the 
figures indicate, for in the control series the per cent cell volume showed a slight, 
but significant, decrease after the second injection of dye mixture. Since the 
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plasma volume was unchanged, the increases in haemoglobin and in per cent 
cell volume must be due chiefly to an actual increase in the number ofcirculating 
red cells. It was thought that this increase, and the resulting rise in blood 
volume, was due to splenic contraction and this is borne out by the experiments 
on a splenectomizcd animal. 

On one human subject it was shown that morphine in therapeutic doses, 1G 
mgm. and 21.6 mgm. produced some increase in per cent cell volume, the small 
dose producing a 3% increase, the larger one a 6% increase. In the case of the 
larger dose more than 20 minutes were required to elicit the maximum response. 

Experimcjits with morphine and atropine sulphate . Doses of morphine ranging 
from 16-32 mgm. and doses of atropine of 0.G5 mgm. were injected subcutane- 
ously after the initial fluid volume determination. This mixture of drugs was 
allowed to act for 30-40 minutes and then the procedure was carried out as 
before. 

Results. The table shows the results obtained from experiments using 
5 different animals. 

Plasma volume showed no significant change, while there was a significant 
decrease in the total available fluid of 8.1% and of 12.2% in interstitial fluid. 
The red cell volume showed an increase of 15.9%, the total blood volume an 
increase of 6.6% and. the per cent ceil volume an increase of 8.5%. Haemo- 
globin values followed the changes in per cent cell volume closely. 

From the changes in the disappearance curve of the thiocyanate prior to 
redetermination, and after giving the morphine and atropine, variable results 
were obtained. The average was a decrease of 2.5% (5 showed a decrease, 2 an 
increase and one no change). 

With the exception of the decrease in total available fluid, the results look very 
similar to those obtained with morphine alone, save that the increases in red 
cell volume, per cent cell volume and total blood volume are of less degree. This 
is probably due to the fact that 5 of these experiments were carried out with much 
smaller doses of morphine. The changes in red cell volume, blood volume and 
per cent cell volume must be due to the same mechanism, i.e. splenic contraction, 
which accounted for changes when morphine alone was used. It is of interest 
that Ragan and co-workers (22) observed no change in plasma volume, as de- 
termined by T 1824, in a group of patients, as a result of morphine and atropine 
premedication. 

The significant decrease in the total available fluid is remarkable in that no 
such change was observed when the drugs were examined separately. The 
mechanism for the production of this change is uncertain, but since the inter- 
stitial fluid space was decreased and no change was observed in plasma volume, 
it might be suggested that fluid passed from the interstitial to the intracellular 
space. 

Examination of some anaesthetic agents. Experiments with ether. After 
completion of the initial determination of the various fluid compartments, the 
dogs were anaesthetized in an ether box. Anaesthesia was maintained 3(M5 
minutes before redetermination of the various values was carried out. 
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Examination of some premedicant drugs. Experiments with atropine 
sulphate. Doses of atropine sulphate (0.65-1.3 mgm.) sufficient to depress 
salivation occurring in ether anaesthesia, were given subcutaneously, after 
having determined the initial fluid volumes. The atropine was allowed to act 
for 35-40 minutes before redetermination of these various values was 
carried out. 

Results. The results of the six experiments given in the table indicate that 
no significant changes occurred in any of the volumes measured. 

Experiments with morphine sulphate. Doses of 30-35 mgm. of morphine 
sulphate in a 4% solution were given subcutaneously after initial determination 
of the volumes. These amounts of morphine produced a quieting effect upon 

TABLE 1 

The differences between the initially determined and redetermined volumes in each cas e 
are expressed as percentage change of the initial value. The mean of these differences for 
each case is calculated and the statistical significance determined by the use of Fisher’s 
“T” test (19). The significant values in the table are marked with an asterisk. 


SERIES 

NO. OF 
CASES 

PLASMA 

VOLUME 

RED CELL 
VOLUME 

TOTAL 

BLOOD 

VOLUME 

TOTAL 

AVAIL- 

ABLE 

FLUID 

CALCU- 

LATED 

INTER- 

STITIAL 

FLUID 

SPACE 

PERCENT 

CELL 

VOLUME 

Untreated 

18 



-0.2 

-0.1 

BB 

-1.4* 

Atropine 

6 

+1.6 


+1-1 

-1.2 

-1.7 

-0.7 

Morphine 

8 

-2.6 

+53.8* 

+20.1* 

+1.1 

-2.3 

+27.3* 

Morphine and atropine 

8 

E£Zj 

+15.9* 

+6.6* 

-8.1* 

-12.2* 

+8.5* 

Ether 

10 

-5.4* 

+58.3* 

+22.2* 

BEES 

-t-17.3* 


Morphine, atropine and ether 

8 

-9.0* 

+56.9* 

+17.1* 

-11.6* 

-17.3* 

+33.3* 

Pentobarbital 

10 

+8.9* 

-11.3* 

+0.3 

-1.3 

-2.6 

-11.5* 

Pentothal 

6 

+10.2* 

-8.2 

+2.3 

-7.1 

-10.2 

-rl0.5* 

Nitrous oxide 

5 

+3.2 

+52.2* 

+24.8* 

+0.6 

-3.9 

+21.6* 

Cyclopropane 

5 

-2.5 

+56.4* 

+22.4* 

+3.0 

+0.7 

+27.3* 


the animals. Thirty-five to 40 minutes were allowed for the action of the drug 
to develop before redetermining the various values. 

Results. The results obtained from 8 such experiments are shown in the 
table and it is seen that no significant changes were observed in the plasma vol- 
ume and total available fluid or calculated interstitial fluid space. The per cent 
cell volume showed an increase of 27.3%, the red cell volume an increase of 
53.8% and the total blood volume an increase of 20.1%. The changes in 
haemoglobin values followed those of per cent cell volume closely. In similar 
experiments carried out with 30 mgm. doses of morphine on a splenectomized 
animal, the only change noted was a slight decrease in per cent cell volume and 
haemoglobin after the administration of morphine. 

The increase in per cent cell volume is probably a little greater than the 
figures indicate, for in the control series the per cent cell volume showed a slight, 
but significant, decrease after the second injection of dye mixture. Since the 
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of an altered or deranged metabolism, and it may well be that the decrease ob- 
served here in interstitial and total available fluids is yet another indication of 
this change. 

Experivients with morphine, atropine and ether. This series of investigations 
was undertaken to see if adequate premedication would modify the effects 
produced by ether. 

After determining the initial volumes, morphine in doses of 16-40 mgm. and 
atropine (0.65 mgm.) were given subcutaneously and allowed 30-40 minutes to 
exert their action. Then ether anaesthesia was induced, using a mask and 
dropping bottle. Anaesthesia was maintained 25-35 minutes before redeter- 
mining the various fluid volumes. 



Fio. 3. The Plotting of the Evans Blue, Thioctanate and Per Cent Cell Volume 
Values from an Experiment when Morphine and Atropine were Given 
Prior to the Production of Ether Anaesthesia 

Results. The results of eight experiments using five animals are given in the 
table and figure 3 shows the plotting of such an experiment. The plasma volume 
showed a decrease of 9%, the total available fluid a decrease of 11.6% and the 
interstitial fluid volume a decrease of 17.3%, these being significant. Significant 
increases were observed in the per cent cell volume of 33.3%, in the red cell 
volume of 56.9% and in total blood volume of 17.1%. 

The disappearance curve of Evans Blue was unaffected by the morphine and 
atropine, but after induction of anaesthesia there was an increase in the concen- 
tration of the dye; the average decrease in plasma volume calculated from this 
change was 12%. The disappearance curve of the thiocyanate exhibited a 
concentration following the injection of morphine and atropine, with a somewhat 
greater concentration after the induction of ether anaesthesia. The decrease in 
total available fluid calculated from this change was 10.6%. 
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The changes observed here are very similar to those seen in the ether series. 
The decrease in plasma volume is somewhat greater, and would account for some 
20-30% of the total increase in per cent cell volume. As before, there is an 
increase in the number of circulating red cells resulting in an increased total 
blood volume. This increase in blood volume is less than in the previous series 
and is probably related to the greater decrease in plasma volume. 

Since salivation was abolished by the action of atropine and the same changes 
in plasma volume and total available fluid occurred as when there was marked 
salivation, it seems clear that salivation must have exerted little, if any, effect 
on these changes. 

The changes in total available fluid and interstitial fluid space are most 
probably due to the same mechanism as when ether alone was used. 

Experiments with pentobarbital. After initially determining the various fluid 
volume values, anaesthesia was produced by an intravenous injection of 22-24 
mgm. per kgm. of a 10% solution of pentobarbital sodium. Injection was made 
slowly so that no respiratory arrest was produced. After anaesthesia had per- 
sisted for 25-40 minutes, redetermination of the various fluid compartments 
was carried out. 

Results. The table presents the results obtained in ten experiments. It is 
seen that there was a significant increase of 8.9% in plasma volume, while per 
cent cell volume shows a decrease of 11.5% and red cell volume of 11.3%. Hae- 
moglobin values followed the changes in per cent cell volume. No significant 
alterations were observed in the total blood volume, the total available fluid or 
the interstitial fluid space. 

The disappearance curve of Evans Blue prior to redetermination exhibited a 
decrease in concentration as a result of anaesthesia in all but one case, where no 
change was observed. The average increase in plasma volume as a result of 
this change was 11.2%. 

The increase in plasma volume is sufficient to account for some 60-70% of the 
decrease in per cent cell volume; the rest of the decrease must result from re- 
moval of cells from the circulation. The spleen may be suggested as the reser- 
voir, and indeed Hausner, Essex and Mann (24) have observed the spleens of 
dogs anaesthetised with pentobarbital, amytal and with pentothal, to be en- 
larged. 

Hamlin and Gregersen (5) report that pentobarbital anaesthesia produces a 
similar increase in plasma volume in cats, while on the other hand Gibson and 
Branch (3) state that a decrease in plasma volume was observed in dogs, but no 
figures are given. 

Nowak (26) and Toumade and Joltrain (27) have reported that some barbitu- 
rates produce some vasodilation, but as blood pressure remains good it cannot 
play any important role in the increase in plasma volume. It is interesting that 
the interstitial fluid space shows a decrease of the same order of magnitude as 
the increase in plasma volume, the average figures being 123 and 101 cc. respec- 
tively. This suggests that the increase in plasma volume is made at the expense 
of the interstitial fluid. 
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In one of the experiments where a period of 130 minutes passed before rede- 
termination was carried out, a greater increase in plasma volume was observed 
shortly after induction of anaesthesia than was present later on when the dog 
was beginning to show signs of lightening of anaesthetic depth. If this occurs 
in other pentobarbital experiments, it would account for the larger figures for 
plasma volume increase being obtained from the disappearance curve of the dye 
before redetermination of the plasma volume was carried out. 

Experiments with pentothal sodium. Anaesthesia was induced after the initial 
determination of the various fluid compartments by the intravenous injection of 
a 10% solution of pentothal. The amount used varied from animal to animal 
and it was found necessary to give further small injections of this solution 
throughout the course of the experiment to maintain anaesthesia at a fairly 
constant level. After 30-10 minutes of anaesthesia, redetermination of the 
various volumes was carried out. 

Results. The table presents the results of 6 experiments using 3 animals. 
It is seen that there was a significant increase in plasma volume of 10.2% and 
a decrease in per cent cell volume of 10.5%. No significant variation was ob- 
served in red cell volume, blood volume, total available fluid or calculated 
interstitial fluid space. 

The disappearance curves of Evans Blue prior to redetermination show a 
decrease in dye concentration, the average increase in plasma volume being 6%. 

The increase in plasma volume accounts for some 80-90% of the decrease 
observed in per cent cell volume. One must assume that some cells have been 
removed from the circulation and it was noted before (24) that the spleen was 
enlarged during pentothal anaesthesia. This would suggest that there should 
be a decrease in red cell volume, which would be significant, and it is possible 
that in a larger series of experiments the value for this volume would assume a 
significant character. 

The changes in total available fluid in all dogs prior to redetermination were 
in a negative direction, while all but one also showed a decrease by redetermina- 
tion; and in a larger series -with more animals the values for the changes in total 
available and interstitial fluid might be significant. 

It is interesting that Searles (7), Searles and Essex (7) and Bollman (4) have 
reported changes in plasma volume, red cell volume and total blood volume as 
a result of amytal anaesthesia similar to those observed here as a result of 
pentothal and of pentobarbital anaesthesia. 

Experiments with nitrous oxide and oxygen. It was necessary to use morphine 
and atropine as premedicants prior to producing anaesthesia with nitrous oxide 
and oxygen. Only one of the animals was deeply anaesthetized, while the other 
two animals were in the first plane of the third stage of anaesthesia during most 
of the time of experiment. 

Doses of morphine ranging from 45-65 mgm. and atropine in 0.C5 mgm. doses 
were given subcutaneously. These premedicants were allowed to act for 35-40 
minutes before the establishment of anaesthesia and after a period of 20-35 
minutes anaesthesia the procedure was carried out as before. 
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Results. The results from five experiments are shown in the table and it is 
seen that no significant changes occurred in plasma volume, total available fluid 
or interstitial fluid space. The disappearance curve of both the Evans Blue and 
the thiocyanate prior to redetermination yielded a similar result. ’ Significant 
increases were observed in the per cent cell volume of 21.6%, in red cell volume 
of 52.2% and in blood volume of 24.8%. The variation in haemoglobin followed 
the changes in per cent cell volume fairly closely. 

In each case the morphine used as a premedicant produced an increase in per 
cent cell volume, and in three of the experiments this increase was equal to or 
greater than the increase observed after the establishment of anaesthesia. 

Since the plasma volume was unchanged and the changes in haemoglobin 
values followed those in per cent cell volume, there must have been an actual 
increase in the number of circulating red cells. The source of these cells is most 
probably the spleen. Hamburger and Ewing (6) have reported increase in red 
cell count, haemoglobin and per cent cell volume following anaesthesia with 
nitrous oxide in dogs. 

Experiments urith cyclopropane. After some initial experiments it was found 
necessary to use atropine (0.65 mgm.) as a premedicant to control salivation, for 
a closed system was used. Otherwise the procedure was carried out as before, 
allowing a period of 25-40 minutes to elapse between the induction of anaesthesia 
and remeasurement. 

Results. The table presents the results of 5 experiments in which atropine 
was used as a premedicant. As in the experiments with nitrous oxide, the only 
significant changes were an increase in per cent cell volume of 27.3%, in red cell 
volume of 56.4% and in total blood volume of 22.4%. Haemoglobin values 
followed the changes in per cent cell volume fairly closely. 

From the disappearance curve of the Evans Blue prior to redetermination in 
all cyclopropane experiments, there was an increase in the concentration of the 
dye, yielding on the average a decrease in plasma volume of 4.4%, while no 
significant alterations were observed in the thiocyanate disappearance curves. 

In view of the decrease in plasma volume observed prior to redetermination, 
it is possible that in a larger series of experiments with more animals the change 
in plasma volume obtained by remeasurement might assume significance. 

Considering the changes obtained by redetermination, the picture is similar 
to that observed in the nitrous oxide series. The increase in circulating red cells 
results in an increased blood volume, the spleen being suggested as the source 
of these cells. 


SUMMARY 

The evidence presented above certainly suggests that ether, even with mor- 
phine and atropine premedication, would not be advisable in the case of shock, 
owing to the fact that plasma volume is decreased and also that there is a de- 
crease in interstitial fluid which may be secondary to the deranged cellular 
metabolism. 
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The evidence for both nitrous oxide and cyclopropane appears much more 
favourable. Both the barbiturates increased plasma volume with little change 
in blood volume, yet their value is more difficult to assess as the decrease in 
interstitial fluid was not significant. 

Acknowledgement. Appreciation is expressed to Prof. V. E. Henderson and 
to Prof. J. K. W. Ferguson for their criticism and advice. 
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In former communications (1 and 2) the authors reported their findings on 
the anesthetic properties of cyclopropyl methyl ether and clcyopropyl ethyl 
ether. Studies with the methyl homolog (cyprome ether) in man have been 
published (3); those with the ethyl homolog (cypreth ether) will be published 
shortly. In the synthesis of this series of eyelopropyl aliphatic ethers, it was 
considered of interest to prepare the unsaturated analog of cypreth ether. This 
compound has in its molecule, first, the cyclopropyl group, second, the carbon- 
oxygen-carbon linkage of ethyl ether, and third, the double bond of ethylene. 
In this laboratory the compound has been called “cyprethylene ether.” Its 
relationship to ether, cyclopropane and ethylene is apparent from the following 
formulas; 
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Cyprethylene ether 

Cyprethylene ether is a volatile, colorless liquid with a characteristic etherial 
odor; it boils at 67°C. and has a specific gravity of 0.833 at 25°C. 

Anesthesia in the monkey. Five large Rhesus monkeys were each anesthetized 
twice with cyprethylene ether. The technic is described in detail in our previous 
communication (1). The induction period was of short duration; frequently 
the monkeys passed into the plane of surgical anesthesia without appreciable 
struggle. During induction, salivation was not marked and the bronchial tree 
remained quite free from mucus throughout the anesthesia. Surgical anesthesia 
was uneventful. Breathing was often stertorous but deep and regular. Re- 
laxation of the musculature of the abdomen and extremeties was complete under 


1 The expense of this investigation was defrayed in part by a grant from the Ohio Chemi- 
cal and Manufacturing Company of Cleveland, Ohio. 
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very light anesthesia. Only an occasional animal exhibited incoordinated leg 
movements during anesthesia. These occurred near respirator}’' collapse and 
were perhaps due to anoxia. Pain reflexes were abolished, even when the anes- 
thesia was light. Recovery from anesthesias of 30 minutes duration was very 
prompt, resembling the rapidity of recovery from a divinyl oxide anesthesia. 
There was little excitation during the recovery period. The quantities of cypr- 
ethylene ether employed were approximately one-third the amounts of ethyl ether 
required for similar anesthetic syndromes. 

TABLE 1 


Anesthetic Index 




wriest 

INDUCTION ' 



DOC NUUBEB 


TAILUBE 

INDEX 



kin. 

ec /kirn. 

ce./ktm. 


1 

F 

6.1 

0.33 

1.97 

5.97 

2 

M 

9.4 

0.32 

1.76 

5.50 

3 

F 

5.8 

0.35 

1.12 

3.20 

4 

F 

11.5 

0.31 

1.44 

. 4 65 

5 

F 

6.3 

0.32 

1.52 

4.75 

C 

M 

9.6 

0.26 

1.31 ~ 

5.04 

7 

F 

6.0 

0.33 

1.17 1 

3.55 

8 

M 

9.2 

0.33 

1.79 

5.43 

9 

M 

9.6 

0.26 

1.15 

4.42 

10 

M 

9.7 

0.26 

0 98 

3.77 

U 

F 

6.5 

0.39 

1.62 

4.15 

12 

F 

10.0 

0.30 

1.30 

4.33 

13 

F 

6.1 

0.41 

1.31 

3.20 

14 

F 

6.1 

0.41 

1.88 

4.59 

15 

F 

6.6 

0.38 

1.75 

4.60 

16 

M 

8.0 

0.3S 

2.00 

5.20 

17 

M 

9.1 

0.33 

1.38 

4.18 

18 

M 

9.5 

0.32 

1.16 

3.63 

Mean 



0 33 

1.48 

4.42 

(T 



0.017 

0 32 

0.79 

c.v... 



14 2 

21 6 

17.9 


Anesthetic index (dog). The dogs were fed a standard laboratory ration con- 
sisting mainly of “Purina Chow” during 1 week and fasted 12 hours before anes- 
thesia. At least 2 day intervals elapsed between anesthesias in the same animal. 
The procedure employed was identical with that used in the cyprome and 
cypreth ether studies. The number of cubic centimeters of the anesthetic agent 
per kilogram required to produce surgical anesthesia was divided into the volume 
per kilogram required to produce respiratory arrest and the quotient designated 
as the anesthetic index. The results are summarized in table 1. 

In this series of 18 anesthesias, only one animal succumbed; all others were 
revived by artificial respiration. In our previous communication (3) for com- 
parative purposes experiments were conducted with ethyl ether, cyprome ether, 
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divinyl oxide and chloroform using the same technic. Making all allowances 
for the difference in densities, the potency of cyprethylene ether approaches 
that of chloroform. It appears to be slightly more potent than divinyl oxide. 
The difference between the induction dose and respiratory arrest dose of ethyl 
ether is 1 cc. per kgm., with cyprethylene ether it is 1.15 cc. per kgm. 

Blood 'pressure studies (dog). The effect of cyprethylene ether on the blood 
pressure was determined by cannulating the femoral artery under procaine 
hydrochloride anesthesia and preparing the animal for a blood pressure tracing 
in the usual manner. The respiratory tracings were made by means of a chest 
tambour. After a normal tracing, cyprethylene ether was administered by the 



Chart 1. Blood Pressure of the Dog under Cyprethylene Ether Anesthesia 
The upper tracing is respiration. (f) is normal, («) is the induction period, (S) surgical 
anesthesia after 10 minutes, 4) surgical anesthesia after -10 minutes, (5) surgical anesthesia 
after 60 minutes, (6) threatened respiratory collapse, (7) recovery 5 minutes later. 
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regularity of the E.C.G. The fourth animal, during light anesthesia, exhibited 
a marked increase in the rate concomitant with a left bundle branch block which 
varied in degree; there was also some slurring of the S- wave. The duration of 
the ft-spike was increased considerably. These abnormalities were evident in 
all three leads, but were most marked in Lead III. The sixth animal in the 
group, in which the two stages of anesthesia were definitely observed, showed in 
the induction period some extraventricular systoles in Lead III; there w'ere 
cyclic changes in the amplitude of the R and 5 waves. There was also some 
evidence of partial bundle branch block. These abnormalities disappeared upon 
the onset of surgical anesthesia. Changes found in the induction stages in the 
E.C.G. of these two monkeys, at the time of writing (20 anesthesias) have not 
been observed in man with the stethoscope. We wish to caution anyone, how- 
ever, who administers this compound to man while these studies are still in their 
early stages. Electrocardiograph studies in human beings will be conducted. 




sn 



***** 




Chart 2. Electrocardiograms, Normal and Under Cxtrethylene Ether Anesthesia 

Effect on the * perfused heart (frog). Cyprethylcne ether was dissolved in 
Howell-Ringer’s solution and perfused through the frog’s heart in situ. Several 
dilutions were employed to determine the threshold concentration required to 
cause demonstrable changes within one minute. In addition, the concentration 
of cyprethylcne ether found in the monkey’s blood during surgical anesthesia 
(approximately 25 mgm. per cent or 0.003 molar) was perfused repeatedly for 
long periods of time. A typical tracing is shown in chart 3. The threshold 
concentration of cyprethylcne ether required to produce cardiac effects in ,5 
minutes was 0.0045 molar. The tracing shows the 0.003 molar cyprethylene 
ether perfusion. In 7 animals, 0.003 molar cyprethylcne ether produced slight 
diminution in rate and amplitude of beat as a typical effect. Occasionally after 
long perfusion an extra systole was observed. 

Liver function tests (monkey). Seven monkeys were subjected to the bromsulf- 
phthalein liver function test as set forth in the previous studies (1,2). Also the 
test was repeated 3 times increasing the dye excretion period to 30 minutes. 

* We are indebted to Dr. Robert H. Oster of the Department of Physiology for his assist- 
ance in conducting this study and for his advice in interpreting the findings. 
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Twenty-four hours after a 30 minute anesthesia with eyprethylene ether the dye 
excreted in all cases was not significantly different from the preanesthetic 
excretion rate. 

Blood chemistry studies {monkey). Rhesus monkeys were anesthetized to the 
surgical plane for 15 minutes with eyprethylene ether. Prior to anesthesia and 
24 hours later blood samples were drawn for analysis. No significant changes 
in carbon dioxide combining power or urea nitrogen were observed. 

Delayed anesthetic deaths (rat). Twenty-one male adult rats were anesthetized 
with eyprethylene ether to the surgical plane and maintained in this condition 
for one-half hour. Immediately afterwards one animal was sacrificed and its 
liver and kidneys examined histologically. No abnormalities were found. 
Four additional animals were studied in the same manner and after two weeks 
no significant findings were observed. At the end of three weeks none of the 
remaining animals had died or appeared to be in an unhealthy condition. 



Chart 3. Effect of Cyprethylene Ether Anesthesia on the Frog’s Heart 

Normal After 8 minutes perfusion with 25 mgm. per 

cent cyprethylene ether 

Concentration required for anesthesia (jnouse). The concentration of cypre- 
thylene ether required to induce anesthesia was determined by typical partial 
pressure experiments described previously (1). The results are shown in table 2. 
With ethyl ether, in our previous studies, 4 per cent partial pressure produced 
no anesthesias and 5 per cent anesthetized 40 per cent of the animals. 

Histological studies of viscera {rat, mouse, dog and monkey). Five of the rats 
used in the delayed anesthetic death experiments were sacrificed for histological 
study. Their lungs, livers, spleen and kidneys were found to be free from 
significant changes. Three of the mice used in the partial pressure experiments 
were sacrificed and their livers, lungs and kidneys examined histologically. The 
findings were negative. Five dogs were anesthetized lightly with cyclopropane 
and liver biopsies performed. The anesthetic agent was changed to cyprethylene 
ether and maintained at the surgical level for one hour and a second biopsy 
performed. There were no significant pathological findings. Five Rhesus 
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monkeys were subjected to the foregoing biopsy procedure os performed on the 
dogs. The findings in this series coincide with those described with the dog 
anesthesias. 

Clotting time and hemolysis ( monkey and dog). The clotting time of blood was 
determined in 3 normal Rhesus monkeys by the capillaiy tube method. The 
average clotting time was approximately one minute. Within the error of the 
experiment this period was neither diminished nor increased under surgical 
anesthesia with cyprethylene ether. 

Volumes of 20 cc. of cyprethylene ether in varying concentrations in normal 
salt solution were maintained at 37 a C. To each of these was added 0.1 cc. of 
freshly drawn defibrinated dog’s blood and the time required for hemolysis was 
observed. Solutions of cyprethylene ether 0.003 molar or 25 mg. per cent, 
produced no hemolysis within a 4 hour period of observation at 37°C. Solu- 
tions 0.013 and 0.025 molar respectively produced no hemolysis over a 6 hour 
observation period at 25°C., -however, 0.05 molar solutions produced hemolysis 
within one and one half hours. 


TABLE 2 

Induction Concentration in Mice 


rABYIALTBESSUEE, 
m CENT 

cc. PEE Urn 

NO. NICE NI JAB 

NO. VICE USED 

WE CENT 
ANESTHETIZED 

0.5 


5 

5 

0 

1.0 


5 

5 

0 

1.5 


3 

3 

0 

2.0 


6 

16 

31 

2.25 


5 

20 

60 

2.60 


5 

36 

95 

3.00 


5 

35 

98 


Irritation of mucous membranes. The late Dr. Karl Connell tested the vapor 
of cyprethylene ether on his conjunctiva repeatedly on successive days. He 
compared various partial pressures with those of other anesthetics. From his 
vast experience with the vapor of ethyl ether the reproducibility of his 'findings 
was excellent. On a comparative basis in the ascending order of irritation he 
considered the irritating properties of the vapors to fall in the following order: 
divinyl oxide 1, cyprethylene ether 2, ethyl ether 7, and cypreth ether 12. 

Preanesthetic medication {monkey and dog). With monkeys and dogs mor- 
phine-atropine medication influenced the anesthesia with cyprethylene ether in 
the same manner which it affects the anesthesia of ethyl ether. In monkeys, 
inducing cyprethylene ether anesthesia with nitrous oxide-oxygen or cyclopro- 
pane-oxygen mixtures was uneventful. Freanesthetic medication with pento- 
barbital sodium was found to be entirely compatible with cyprethylene ether 
anesthesia. Ten experiments in all were conducted. 

Quantitative determination in blood (dog). The method used by Andrews el al 
(4) for the determination of ethyl ether in the blood was employed with certain 
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minor modifications. The method essentially consists of aspirating the cypr- 
ethylene ether from the blood by means of air into standard potassium dichromate 
solution in 7 molar sulfuric acid. The excess of oxidizing agent is determined 
iodometrically. Recoveries from blood of known cyprethylene ether content 
were found to be complete. Five determinations were made on monkey’s blood 
under surgical anesthesias of about 10 minutes duration; the mean value in 
milligrams per cent was 22.3 (range 26.0 to 19.9). 

Physical 'properties. Solubility in water. Five cc. of cyprethylene ether were 
mechanically agitated with 100 cc. of water for 3 hours at 27°C. in a “Cassia 
Flask.” The two liquids were allowed to separate for 12 hours and the volume 
of the supernatant cyprethylene ether was measured. The solubility of cypr- 
ethylene ether was found to be 0.8 cc. per 100 cc. of water. The molar concentra- 
tion of a saturated solution of cyprethylene ether in water is 0.08 at 27°C. 

Oil/water coefficient. A 0.1 molar concentration of cyprethylene ether in 
com oil (free fatty acids less than 0.03 per cent) was prepared. The oil/water 
coefficient was determined by the procedure of Cone el al. (5). The molar con- 
centration in the water at equilibrium (5 experiments) was found to be 0.0015. 
The oil/water coefficient of cyprethylene ether measured under these conditions 
is 67. 

Inflammability range. Mixtures of cyprethylene ether vapor and oxygen 
were prepared at 25°C. and at atmospheric pressure in an explosion pipette. 
The mixtures were exposed to the spark of an induction coil. Explosions oc- 
curred when the concentration of cyprethylene ether mixed with oxygen was 
1.9 per cent. Concentrations below this value could not be exploded under these 
5 conditions. 

Vapor pressure. The vapor pressure of cyprethylene ether at 24°C. deter- 
mined in a nitrometer, was 160 mm., that of ethyl ether at the same temperature 
is 510 mm. (6). 


SUMMARY AND CONCLUSIONS 

1. The union of the molecule of cyclopropane through an ether linkage with 
the vinyl radical results in the formation of a volatile liquid (“Cyprethylene 
Ether”) exhibiting anesthetic properties when administered by inhalation to 
various species of animals. 

2. Cyprethylene ether with the characteristic structures of ethyl ether, 
cyclopropane and ethylene exhibits a potency which approximates chloroform 
and an anesthetic index more than twice that of ethyl ether. 

3. In the monkey, cyprethylene ether produces no functional liver damage 
as shown by the bromsulfphthalein test. In these experiments, in the mouse, 
rat, dog and monkey anesthesias with cyprethylene ether produced no significant 
histopathological changes in the important viscera. 

4. The monkey’s heart under surgical anesthesia, as a rule, showed no ab- 
normalities. In the induction stage the irregularities experienced are discussed 
in the text. The frog’s heart was slightly depressed in rate of beat and amplitude 
when perfused with anesthetic concentrations of cyprethylene ether. 
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5. The explosive range of concentrations of cyprethylene ether with oxygen 
appears to be approximately the same at that of ethyl ether, The oil/water 
coefficient of cyprethylene ether is approximately 16 times greater than that of 
ethyl ether. Anesthetic concentrations in the blood are approximately one- 
fifth of those found with ethyl ether. 

6. Cyprethylene ether boils at G7°C. 

7. The blood pressure is only slightly lowered by anesthetic concentrations of 
cyprethylene ether in the dog. 

8. This first approximation of the pharmacology of cyprethylene ether, in our 
opinion, warrants its careful and judicious trial in man by skilled anesthetists. 

Addendum. These experiments having been completed, we deemed that the 
properties of cyprethylene ether warranted trial as an anesthetic in man. In 
November Dr. Melvin G. Kilbome of West Orange, N. J., administered cypr- 
Cthylene ether to man for the first time. In all, 20 human anesthesias have been 
given up to the time of writing without any untoward reactions. A complete 
series of cases will appear as a subsequent communication. 
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Ethyl alcohol has long been used by man for making pain and distress more 
bearable. It is probably the oldest analgesic agent. The purpose of this 
communication is to present quantitative measurements of the analgesic prop- 
erties of this common agent in man, and briefly to evaluate its effect on the 
attitude and other reactions to pain. 

Method. The method used for the quantitative measurement of the pain threshold rais- 
ing action of 95 per cent ethyl alcohol was the same as has been used in the investigation of 
other analgesic agents reported elsewhere (1, 2, 3, 4). Heat from a 1000 Watt electric bulb 
was focussed by a lens through an aperture 3.5 cm.* in area onto the blackened forehead of 
the subject. The amount of heat just provoking a painful Bensation was measured by a 
radiometer. This amount of heat stimulus was designated the pain threshold, and was 
expressed in gram calories per second, per square centimeter. Several control readings of 
this normal pain threshold were made at intervals of 5 to 10 minutes before the quantity of 
analgesic agent to be assayed was administered by mouth. Pain threshold readings were 
then made at ten minute intervals until the threshold had returned to the control level. 

Experimental subjects. The subjects for the experiments were the three authors of this 
paper, two men and one woman. They were of approximately the Bamc weight (65-66 
kilos) and age (35-42 years), but of different personality types and body builds. All were 
accustomed to occasional alcohol consumption. Thus, neither ignorance of the effects of 
alcohol, nor tolerance to its use were factors to be considered. Furthermore, the three 
subjects were skilled observers, trained in manipulating the apparatus and in maintaining 
an objective attitude toward the experimental procedure. 

Procedure. Three independent protocols were made, so that no subject could know until 
the end of the experiment how much his own threshold had been altered. As in previous 
experiments with other agents, concise statements of the psychological state were made and 
recorded at each ten minute interval when pain threshold readings were made. In the 
interims the subjects sat comfortably, engaged in reading, writing or conversation or, if 
drowsy they walked about the laboratory. 

Experiments were begun from three to five hours after the last meal, and no food was 
eaten until after the peak of the threshold raising effect had been passed. Lunches con- 
sisted uniformly of bread and milk. 

The pain threshold raising effect was expressed in per cent elevation of the threshold 
above the control level, or, in other words, the percentage increase in stimulus necessary 
just to evoke the sensation of pain. Time action curves were made by plotting the average 
per cent elevation of threshold for the three subjects (ordinate) with the time or duration 
of effect (abscissa) . The time action curves for ethyl alcohol were analysed in three ways : 
I) the maximum height of the pain threshold raising action; 2) the length of the period of 
effectiveness; and S) the total threshold raising action of the agent. 

Amounts of ethyl alcohol from 15 cc. to 90 cc. were diluted approximately 1 to 4 with a 
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sweetened carbonated water, and were imbibed within a three minute period. Also thirty 
cubic centimeters of 95% ethyl alcohol was administered at one and one half, and at one 
hour intervals, to a total of GO cc. Further, the effect of experimentally induced pain on 
the threshold raising action of ethyl alcohol was observed, and the effect of alcohol on the 
threshold for the reaction to distress, called herein the threshold for the “alarm" reaction, 
was also studied. Finally, the threshold raising effect of a combination of 30 cc. of alcohol 
and 0.3 gm. of acetylsalicylic acid was assayed. There was a total of 63 series of observa- 
tions. 1 

The effect of ethyl alcohol on the pain threshold. Observations . The 
height of the threshold raising effect of 95% ethyl alcohol increased with amount 
administered from 15 to 30 cc. Whether the amount administered was large 



Fiq. 1. Time Action Curves fob 95 Per Cent Ethyl Alcohol 

The ord’ 1 ■ - * 4 * f *’ ; * * 2 ero. 
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alcohol. * ■ ■ ■ ■ ■ 

or small, the pain threshold was observed to rise within ten minutes, and the 
rate of rise was swift. The rate of rise also increased with amount given, the 
peak effect being reached within 40 minutes for the smaller amounts, and 
within 15 minutes for the larger amounts of 70 and 90 cc. The maximum 
elevation of the threshold was attained with 30 cc. of 95% ethyl alcohol, which 
was approximately 45% above the control level. It was not consistently 
elevated any further with larger amounts, i.e. 40, 50, 60, 70 and 90 cc. although, 
as already mentioned, the duration of effect was somewhat prolonged, the rate 
of rise was swifter, and the effects on mood and attitude toward pain were 
more intense and longer lasting with the larger amounts. Time action curves 
for all amounts assayed are shown in figure 1. 
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accustomed to occasional alcohol consumption. Thus, neither ignorance of the effects of 
alcohol, nor tolerance to its use were factors to be considered. Furthermore, the three 
subjects were skilled observers, trained in manipulating the apparatus and in maintaining 
an objective attitude toward the experimental procedure. 

Procedure. Three independent protocols were made, so that no subject could know until 
the end of the experiment how much his own threshold had been altered. As in previous 
experiments with other agents, concise statements of the psychological state were made and 
recorded at each ten minute interval when pain threshold readings were made. In the 
interims the subjects sat comfortably, engaged in reading, writing or conversation or, if 
drowsy they walked about the laboratory. 

Experiments were begun from three to five hours after the last meal, and no food was 
eaten until after the peak of the threshold raising effect had been passed. Lunches con- 
sisted uniformly of bread and milk. 

The pain threshold raising effect was expressed in per cent elevation of the threshold 
above the control level, or, in other words, the percentage increase in stimulus necessary 
juBt to evoke the sensation of pain. Time action curves were made by plotting the average 
per cent elevation of threshold for the three subjects (ordinate) with the time or duration 
of effect (abscissa) . The time action curves for ethyl alcohol were analysed in three ways : 
f) the maximum height of the pain threshold raising action; 2) the length of the period of 
effectiveness; and 3) the total threshold raising action of the agent. 

Amounts of ethyl alcohol from 15 cc. to 90 cc. were diluted approximately 1 to 4 with a 
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DURATION or THRESHOLD RAIStNG EFFECT . 
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Fio, 3. The Relation between Duration of Threshold Raisino Effect (Ordinate) 
and the Quantity of 95 Per Cent Ethyl Alcohol Administered (Abscissa) 

Each point represents the average for three subjects 

TOTAL THRESHOLD RAISING EFFECT 



Fio, 4. The Relation between the Total Threshold Raising Effect (Ordinate) and 
the Quantity (Abscissa) of 95 Per Cent Ethyl Alcohol Administered 
The ordinate was computed by multiplying the average per cent rise in pain threshold 
by the hours of duration of effect resulting from a given quantity of 95% alcohol. 

cohol was administered in 30 cc. amounts at one and one-half hour, and in a 
second experiment at one hour intervals until a total of 90 cc. had been imbibed. 
Figure 5 shows that when given at one and one-half hour intervals the threshold 
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analgesic agent to be assayed was administered by mouth. Pain threshold readings were 
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alcohol, nor tolerance to its use were factors to be considered. Furthermore, the three 
subjects were skilled observers, trained in manipulating the apparatus and in maintaining 
an objective attitude toward the experimental procedure. 

Procedure. Three independent protocols were made, so that no subject could know until 
the end of the experiment how much his own threshold had been altered. As in previous 
experiments with other agents, concise statements of the psychological state were made and 
recorded at each ten minute interval when pain threshold readings were made. In the 
interims the subjects sat comfortably, engaged in reading, writing or conversation or, if 
drowsy they walked about the laboratory. 

Experiments were begun from three to five hours after the last meal, and no food was 
eaten until after the peak of the threshold raising effect had been passed. Lunches con- 
sisted uniformly of bread and milk. 

The pain threshold raising effect was expressed in per cent elevation of the threshold 
above the control level, or, in other words, the percentage increase in stimulus necessary 
just to evoke the sensation of pain. Time action curves were made by plotting the average 
per cent elevation of threshold for the three subjects (ordinate) with the time or duration 
of effect (abscissa) . The time action curves for ethyl alcohol were analysed in three ways : 
1) the maximum height of the pain threshold raising action; 2) the length of the period of 
effectiveness; and S) the total threshold raising action of the agent. 

Amounts of ethyl alcohol from 15 cc. to 90 cc. were diluted approximately 1 to 4 with a 
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DURATION OF THRESHOLD RAISING EFFECT 


4 -HOURS 




I I 1 I I I > > I 

15 20 25 30 35 40 SO 60 , 70 

CC. ETHYL ALCOHOL 85% 


Fia. 3. The Relation between Duration of Threshold Raising Effect (Ordinate) 
and tiie Quantity of 95 Per Cent Ethyl Alcohol Administered (Abscissa) 
Each point represents the average for three subjects 
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Fig. 4. The Relation between the Total Threshold Raising Effect (Ordinate) and 
the Quantity (Abscissa) of 95 Per Cent Ethyl Alcohol Administered 
The ordinate was computed by multiplying the average per cent rise in pain threshold 
by the hours of duration of effect resulting from a given quantity of 95% alcohol. 

cohol was administered in 30 cc. amounts at one and one-half hour, and in a 
second experiment at one hour intervals until a total of 90 cc. had been imbibed. 
Figure 5 shows that when given at one and one-half hour intervals the threshold 
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raising effect began to subside considerably after each 30 cc. amount before the 
subsequent amount elevated the threshold again. However, when 30 cc. 
amounts were given at one hour intervals, a total of 90 cc. of alcohol maintained 
the pain threshold rather steadily at approximately 45% above its control 
level, for two and one-half hours. The total duration of effect of approximately 
6 hours was noted in both instances (fig. 6). 

Comment. In previous experiments with acetylsalicylic acid (4) it was 
observed that 0.3 gm. acetylsalicylic acid administered at 2 hour intervals 
was more effective than 0.6 gm. amounts at 3 hour intervals in maintaining 
the pain threshold at its maximum elevation. Thus, the total effectiveness of 

REPEATED ADMINISTRATIONS 
OF ETHYL ALCOHOL 
30 C.C. 



Fig. 5. The Effect on the Pain Threshold of Repeated Ingestions of 95 Per Cent 
Ethtl Alcohol, i.e., 30 Cc. at One and One-half Hour Intervals 
Each point represents the average of the threshold levels of three subjects. The arrows 
indicate the time of ingestion of the alcohol. 

the agent was enhanced by administering it in smaller amounts at shorter in- 
tervals. Here, it was also observed that the duration of effect of a larger 
amount of ethyl alcohol, 90 cc., administered in 30 cc. amounts at hourly in- 
tervals was approximately two hours greater than the duration of pain threshold 
raising effect of an equal amount taken at one time. The threshold raising 
effect was maintained at or near its maximum elevation for a correspondingly 
longer time than with a single administration of this amount. Moreover, 30 
cc. administered at hourly intervals was more effective than at one and one- 
half hour intervals. 

The effect of ethyl alcohol in combination with acetylsalicylic acid 
on the pain threshold. In figure 7 is shown a comparison of the threshold 
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Fio. 6. The Eftect on the Pain Threshold of Repeated Inqestions of 95 Per Cent 
Ethtl Alcohol, i.e. 30 Cc., at One Hoor Intervals 
Each point represents the average of the threshold levels of three subjects. The arrows 
indicate the time of ingestion of the alcohol. 


ACETYLSALICYLIC ACID 
0.3 GM. 



Fia. 7. TnE Effect on the Pain Threshold of a Combination of 95 Per Cent Ethtl 
Alcohol, 30 Cc., and Acettlsalictlic Acid, 0.3 Gm. (Solid Line) 

The effect on the pain threshold of each of these agents separately is indicated by the 
broken lines as labeled. 
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raising effects of 30 cc. of ethyl alcohol alone, and of 0.3 gm. of acetylsalicylic 
acid alone. There is also shown the effect on the pain threshold of a combina- 
tion of these two agents in the same amounts. With this combination the 
maximum effect of the alcohol, i.e. 45% elevation above the control level, 
was attained, together with the greater duration of effect of the acetylsalicylic 
acid, i.e., slightly longer than 4 hours. The more pronounced psychological 
effects of the alcohol, such as relaxation, euphoria, freedom from anxiety, and 
dissociation of perception of pain from the fight-flight-anxiety reaction pattern 
to pain, were coupled with the mild effect of relaxation and lethargy accom- 
panying acetylsalicylic acid. Also, the threshold to pain was elevated at a 
much swifter rate with this combination than with acetylsalicylic acid alone. 
The maximum elevation was attained within 30 minutes of administration of 
the two agents. [It would seem desirable to make therapeutic use of such a 
combination.] 

The effect of pain on the threshold raising action of ethyl alcohol. 
An intense pain was experimentally induced by wrapping a sphygmomanometer 
cuff about the upper arm, inflating it to 200 mm. of mercury, and leaving it in 
place for 40 minutes. Moderate muscular movement accelerated the onset and 
intensity of the pain. Sixty cubic centimeters of 95% ethyl alcohol imbibed ten 
minutes before the end of this period of pain was effective in raising the pain 
threshold to its usual elevation, of approximately 45% above the control level 
(see fig. 8). Moreover, within three minutes the subjects’ attitude toward this 
intense pain was altered from one of anxiety and distress, to one of detachment 
and freedom from anxiety. 

Comment. In these experiments with alcohol it seemed as if the pain, though 
still perceived, had suddenly been freed of its implications of danger. As 
mentioned above, the usual fight-flight-anxiety reaction pattern of pain was al- 
tered to one of freedom from anxiety, indifference, apathy, or detachment. It 
was observed with the opiates that pain would greatly reduce their threshold 
raising effect, depending upon the intensity and duration of the pain when the 
opiate was administered. Thus, alcohol may be said to have an advantage 
over the opiates in this respect, since its threshold raising ability is not appreci- 
ably altered when it is administered in the presence of intense pain. It also 
like the opiates has desirable effects on the attitude, and other reactions to pain. 

The effect of ethyl alcohol on the reaction to pain, or “alarm.” 
It has been found that the threshold for the perception of pain sensation is 
remarkably constant from day to day over a period of a year. Regardless of 
the 'mood of the individual, and attempts to increase fatigue and irritability 
by staying awake throughout 24 hours, this threshold did not vary more than 
±12% from the mean. Also, the pain threshold was of this same constancy 
in a group of 150 individuals of diverse personalities, age, sex and experience. 
However, among this group statements regarding their reactions to painful 
experience varied all the way from the stoical, of not feeling pain at all, to those 
of considering themselves extremely sensitive (3). 

These facts all pointed to the inference that, whereas the threshold for the 
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perception of pain is as uniform among men and women as is the pulse rate, or 
the number of red and white blood cells, certainly reactions to pain and alarming 
experiences must vary greatly. These reactions are the most apparent, and 
perhaps the most important aspects of distressing experiences. It has already 
been observed (2) that when morphine sulfate, 0.015 gra. is administered dur- 
ing pain, the pain continues to be perceived, but the characteristic fight-flight 
anxiety reaction pattern of pain no longer obtains. In other words, perception 
has been dissociated from reaction. 



Fiq, 8. The Effect of Sustained Pain fob 40 Minutes on the Pain Thbeshold Raisino 
Properties of 95 Per Cent Ethyl Alcohol, 60 Cc. 
i The^ broken line represents the average threshold raising effect of 60 cc. of 95% ethyl 


of ingestion of the alcohol. 

It was considered desirable to demonstrate this reaction to pain, as con- 
trasted with pain perception, and to express some aspect of it in quantitative 
terms. One of the simplest components of the “alarm” reaction was used for 
this purpose, namely, the change in the electrical resistance of the skin resulting 
from the increase in sweat production occurring in moments of alarm or stress. 

Method. The forearm and the middle finger were connected through electrodes in con- 
tact with the Bkin, to a Wheatstone bridge. The resistance between these points was 
measured and the galvanometer properly balanced. Thermal radiation was then applied 
for exactly three seconds to a 15 cra. ! area of blackened forehead of the subject, and the 
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intensity of the radiation increased until the galvanometer needle swung sharply across the 
scale, following the stimulus. The amount of radiation juBt able to evoke this response to a 
heat stimulus on the forehead, was called the threshold of the "alarm” reaction. For 
comparison, and using the large area of -15 cm. 1 the pain threshold was also determined in 
the manner described above. 

Observations. The amount of heat necessary to evoke this “alarm” reaction 
was widely variable from day to day in the same individual, and from individual 
to individual in the three persons intensively studied. It was sometimes as 
little as 0.027 gm. cals. /sec. /cm. 2 which was a fraction of the energy (0.21 ±0.02 
gm. cals./sec./cm. 2 ) required to evoke the sensation of pain (see fig. 9). On 



Fig. 9. A Comparison of the Pajn Thresholds with the "Alarm” Reaction Threshold 
in Three Subjects, under Control Conditions 
The ordinate = the Intensity of stimulus, i.e., the amount of heat in gram calorics per 
second per square centimeter. The abscissa = the date of the observations. Note the 
variability of the reaction threshold as compared with the stability of the pain threshold. 


the other hand, when 40 cc. of 95 per cent ethyl alcohol was administered 
to the subjects of this study, their thresholds to the “alarm” reaction were 
observed to be elevated within 10 minutes after ingestion of the alcohol (fig. 
10). In each of the three subjects the level. of the maximum elevation of the 
threshold for the “alarm” reaction ex-ceeded that of the maximum elevation of 
the threshold for pain. In other words, after alcohol more energy was re- 
quired to evoke the “alarm” reaction, than to evoke the sensation of pain. 
In one instance the threshold of the “alarm” reaction was raised 780% above its 
own control threshold after 30 cc. of 95% ethyl alcohol. This elevation was 
85% above the control level of the pain threshold. With this amount of heat 
blistering of the skin occurred (see fig. 11). 
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Furthermore, after the ingestion of ethyl alcohol the duration of the threshold 
raising effect for the “alarm” reaction was from one to two hours longer than 
the duration of the pain threshold raising effect. 

Comment. Alcohol has an immediate and dramatic effect upon the threshold 
of the “alarm” reaction to a heat stimulus. The effect upon this threshold 


ETHYL ALCOHOL 



Kio. 10. The Effect of 95 Per Cent Alcohol, 40 Cc., on the Threshold of the "Alarm” 
Reaction 


Enrh fwnt 


outlasts the effect on the pain threshold. Thus, there is afforded a demonstra- 
tion of the distinction between the perception of pain, and the reaction pattern 
to pain. The “alarm” reaction to a heat stimulus appears to depend upon the 
emotional state of an individual, and upon his experience. Experience had 
conditioned these subjects so that heat became an unpleasant forerunner of 
burning pain. 
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'Such a dissociation of pain perception from pain reaction, and the alteration 
of the “alarm" reaction is of importance in evaluating the therapeutic action 
of analgesics. Some agents, such as the salicylates, affect chiefly the pain 
threshold, while others, such as the opiates and alcohol, affect also the reaction 
pattern. Suggestion, reassurance, and confidence also influence the reaction 
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Fig. II. The Effect of 95 Peb Cent Ethyl Alcohol, 30 Cc., on the Threshold ofthe 

"Alabm” Reaction 

The ordinate «■ the per cent elevation of the threshold of the "alarm ’’reaction above 
its control level as zero. The abscissa = the duration of effect. 


pattern, and account for the enormous individual variations in the threshold 
for the “alarm” reaction. 

It is to be noted that this “alarm” reaction commonly set off by pain, may 
and frequently does follow a completely innocuous stimulus. This would 
account for the observations frequently made on patients, namely that ap- 
parently non-painful stimuli cause the same reaction as do painful ones, that 
patients react differently to the same stimulus, painful or not, on different 
days, that a group of patients react variably to ostensibly the same stimulus. 
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' SUMMARY AND CONCLUSIONS 

1. Quantitative measurements of the pain threshold were made by irradi- 
ating 3.5 cm. 2 of skin surface for 3 seconds. The intensity of radiation which 
barely evoked pain was denoted as the pain threshold. The threshold raising 
action of ethyl alcohol was then ascertained in terms of the normal threshold. 

2. Amounts of ethyl alcohol from 15 to 90 cc. were assayed. The smallest 
amount of ethyl alcohol with which the highest threshold raising effect was 
attained was 30 cc. The maximum pain threshold raising effect was approxi- 
mately 45% elevation above the control level. The duration of effect was 
comparatively short, from one hour with 15 cc. to 4 hours with 90 cc. How- 
ever, the rate of rise of the pain threshold after alcohol was swifter than with 
other agents which have been investigated, with the exception of inhaled tri- 
chlorethylene. The maximum elevation of the pain threshold after 90 cc. of 
alcohol was attained within 15 minutes, and after 30 cc. within 40 minutes. 

3. A combination of 30 cc. of 95% ethyl alcohol with 0.3 gm. of acetylsalicylic 
acid had the advantages due to alcohol, namely, the swift elevation of the pain 
threshold, and the desirable feelings of contentment, relaxation and freedom 
from anxiety, coupled with the longer duration of the pain threshold raising 
effect of the acetylsalicylic acid. 

, 4. When 95% ethyl alcohol was administered during a 40-minute period of 
experimentally induced pain, the pain threshold raising action of the alcohol 
was not significantly diminished. Moreover, the subjects continued to perceive 
the pain, but they were indifferent to it. Like the opiates, but perhaps to a 
lesser degree, alcohol accentuated the ability to dissociate pain perception from 
the fight-flight-anxiety reaction pattern of pain. 

5. Change in skin resistance, one aspect of the commonly observed varia- 
tion in reaction to distressing or painful experience, was measured. In contrast 
to the uniformity of the threshold for the perception of pain, the threshold for 
the “alarm" reaction varied widely from individual to individual and in the 
same person from day to day. The threshold for the “alarm" reaction was ob- 
served to be elevated up to 85% above the control pain threshold and as much 
as 780% above its own control levdl by 30 and 40 cc. amounts of ethyl alcohol. 
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In previous papers, Wiggers and Wdgria (1, 2, 3, 4) examined the physiological 
basis of a new method for determining the fibrillation threshold of the ventricles. 
Using the same technique, Wiggers, Wdgria and Pinera studied the effect of 
procaine (4) and coronary occlusion (5) on the fibrillation threshold. Subse- 
quently Wdgria, Geyer and Brown (6) employed the method to study the effect 
of digitalis and ouabain. As reviewed in this communication, the method con- 
sists of applying a short D.C. stimulus of constant duration (e.g., 0.02 or 0.03 
sec.) directly to the ventricle through non-polarizable electrodes in such a way 
that it falls during the vulnerable period of the heart cycle, i.e., late in systole 
or very early in diastole. The strength of such a shock (expressed in M.A.) 
which is just sufficient to cause the ventricles to fibrillate has been termed the 
fibrillation threshold shock. In order to study physiological, pharmacological 
or pathological factors which may influence the fibrillation threshold, it is neces- 
sary to repeat fibrillations before and after such influences. Consequently, in 
these experiments the fibrillation of the ventricles was promptly stopped by 
a short A. C. shock (or shocks) directly applied to the heart through two padded 
electrodes. As shown by Wiggers and Wdgria (4), the fibrillation threshold 
repeatedly determined in this manner need not vary significantly over a 4-5 
hour period in a dog under barbital anesthesia, provided certain experimental 
precautions are taken. 

Methods. Doga averaging 10 kgm. in weight wore used. The dog received intra- 
venously 300 mgm. sodium barbital per kgm. of body weight. The chest waa opened under 
artificial respiration through a midstcrnal incision and the heart suspended in a pericardial 
cradle. The mean arterial pressure was recorded with a mercury manometer connected 
with the left carotid artery. An electrocardiographic tracing, generally Lead III, was 
recorded from subcutaneous electrodes. The method of generating an electrical stimulus 
of desired strength and duration has been described previously (7). The sinus node was 
clamped and when the heart had assumed a slow nodal rhythm, it was driven at a constant 
rate by weak induction shocks applied on the right ventricle. Such a right ventricular 
pacemaker distributes impulses to the left ventricle via the left bundle branch as in supra- 
ventricular rhythms. It has the advantage over an atrial drive of the heart that A-V 
conduction disturbances introduced by Borne drugs are avoided. This is important in the 
use of this method, which requires an absolutely constant rhythm of the left ventricle in 
order to place shocks precisely in the vulnerable period (see previous communications). 

Papaverine hydrochloride. Results. The value of papaverine in reducing 
liability to ventricular fibrillation was suggested by the work of McEachern, 

1 Supported by a grant from the John and Mary R. Markle Foundation. 
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Smith and Manning (8) who concluded that use of papaverine reduces the mor- 
tality of dogs following ligation of a coronary artery from 75 to 50 per cent. 
Lindner and Katz (9) reported that the use of this drug decreases the ease with 
which ventricular fibrillation is induced in the dog’s heart by faradic stimulation; 
further, that the fibrillating ventricles can sometimes be revived by papaverine 



Fig. 1. Plot Shotting the Fibrillation Threshold or the Dog's Ventricle 

BEFORE AND AFTER PAPAVERINE HYDROCHLORIDE 

^ Each vertical line represents «• «• ,/» * .* , « 

papavenne. 

used simultaneously with cardiac massage. Several reasons were previously 
given why we cannot regard such experiments as definitely conclusive. There- 
fore, we determined the changes in fibrillation threshold by our method before 
and after intravenous administration of papaverine. The results of five experi- 
ments are summarized in figure 1. In this, as in succeeding plots, each vertical 
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line represents the strength in milliamperes of a stimulus of constant duration, 
which, applied during a vulnerable period, produced or failed to produce fibrilla- 
tion. The fibrillation current in each instance is designated “T.” 

In experiment 1, for instance, successive D.C. stimuli of 2, 4, 6 and 8 M. A. did not produce 
fibrillation, but a stimulus of 10 M.A. did so at 11:35 a.m. After prompt defibrillation 
and an equilibration period of 30 minutes, stimuli of 3, 5 and 6 M.A. did not cause fibrilla- 
tion, but 8 M.A. produced fibrillation of the ventricles at 12:15 p.m. After revival and a 
recovery period of 20 minutes, a total dose of 10 mgm. of papaverine hydrochloride per kgm. 
was given via the femoral vein over a period of 15 minutes. At the end of the infusion 
successive stimuli of 9, 10, 13, 15 and 17 M.A. did not produce fibrillation and the strength 
of the stimulus had to be increased to 20 M.A. in order to induce ventricular fibrillation. 
After revival and the usual recovery, successive shocks of 5, 7, 10 and 12 M.A. did not cause 
fibrillation, but a shock of 14 M.A. did. After revival and recovery another dose of 10 
mg. per kgm. of papaverine hydrochloride was administered, and this again increased the 
fibrillation threshold to 20 M.A. Experiments 2, 3, 4 and 5 show essentially similar results. 
Such doses of papaverine hydrochloride did not change the mean arterial pressure signifi- 
cantly in these experiments. In one experiment, not reported here, 10 mgm. of papaverine 
hydrochloride were administered intravenously over a period of five minutes, and a spon- 
taneous fibrillation of a very coarse type developed. Incidentally, the observation was 
made' that the fibrillation induced by electrical stimulation after use of papaverine was 
much coarser than in untreated dogs. However, spontaneous recovery with massage and 
without employment of electrical countershock was never observed. 

The conclusion seems warranted that papaverine hydrochloride, in doses 
within therapeutic ranges, raises the threshold for induction of fibrillation. 
We have obtained no evidence that it may be useful in producing spontaneous 
recovery. 

Epinephrine. It remains a moot question whether epinephrine increases or 
decreases the liability of the heart to fibrillate. Numerous observations have 
been reported concerning the development of ventricular tachycardia or fibrilla- 
tion when epinephrine was administered to animals previously sensitized by 
chloroform, benzol or cyclopropane. As recently reviewed by Meek (10), such 
studies all lead to the conclusion that chloroform, benzol or cyclopropane, when 
used in suitable animals, are agents which alter ventricular sensitivity or ir- 
ritability, whereas epinephrine constitutes the exciting agent. They offer no 
information as to how epinephrine per se affects ventricular sensitivity or ir- 
ritability. This problem has been studied by administering epinephrine and 
using an electrical current as the exciting agent. Using such a procedure, 
Hoff and Nahum (11) reported that epinephrine increases the sensitivity of the 
cat’s ventricle. Smith and Mulder (12), on the contrary, concluded that the 
cat’s ventricle, made to fibrillate by means of a tetanizing current, recovers 
spontaneously within a shorter time and more frequently after injection of 
epinephrine. The value of results obtained by such procedures remains ques- 
tionable for reasons previously stated (4). Obviously, however, differences of 
opinion on this important problem arise because different criteria were used. 
Some of the differences may also be due to the doses of epinephrine emplo 3 r ed. 

We therefore reinvestigated the problem by determining the fibrillation thresh- 
olds by our method. The results of typical experiments are shown in figure 2. 
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In experiment 1, successive stimuli of 4, 6, 8 and 11 M.A. did not produce fibrillation, 
but 13 M.A. induced fibrillation at 12:57 p.m. In the following threshold determination 
stimuli of 7 and 8 M.A. did not cause fibrillation of the ventricle, but 11 M.A. did at 1:30 
p.m. During these two determinations, the mean carotid pressure was approximately 
100 mm.Hg. Between 1 :45 and 1 :55 p.m., 0.5 mgm. epinephrine was given via the femoral 


M.A. 



hoOrs T H 5 'a 

Fio. 2. Plot SnowiNO the Fibrillation Threshold or the Dog’s Ventricle 

BEFORE AND AFTER EPINEPHRINE 

Arrangement same as figure 1. The numerals refer to the total dose of epinephrine in 
mgm . The heavy line under these numerals indicates the time and duration ol the adminis- 
tration of epinephrine. 

vein; at 1:55, a shock of 14 M.A. produced fibrillation and a weaker shock might possibly 

have done so. T k '* — ij _i *_• — • i - 

n as acting, as £ • ■ ,■ . 

recovery period ■ ■ .■ * 

shocks of 5 and 8 M.A. did not produce fibrillation, but 12 M.A. fibrillated at 2:25 p.m. 
After revival and recovery, while the mean arterial pressure was 100 mm.Hg., successive 
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shocks of G and 10 M.A. did not induce fibrillation, but 13 M.A. did at 3:05 p.m. The 
fibrillation was promptly stopped and a period of recovery allowed; then between 3:15 
and 3.40 p.m., 0.9 mgm..epinephrine was administered. While arterial pressure was around 
140 mm.Hg., successive stimuli of 10, 14, 17, 21 and 22 M.A. did not induce fibrillation, but 
20 M.A. did at 3:40 p.m. The dog was revived and at 4:00 p.m. another threshold deter- 
mination was begun. The threshold was 10 M.A., i.e., it was already back to its control 
value. 

Experiments 2 and 4 show essentially similar results. In experiment 4 control fibrilla- 
tion thresholds were 7 M.A. and 9 M.A.; immediately after epinephrine, fibrillation could 
not be induced even with stimuli as high as 25 M.A. Experiment 3 deserves a few additional 
comments. The first threshold determination was made while the mean carotid pressure 
was 150 mm.Hg. and the threshold was 11 M.A. During the second threshold determina- 
tion, the pressure was about the same, 140 mm.Hg., and the threshold this time was 10 M.A. 
After revival the arterial pressure slowly decreased to 80 mm.Hg. One mgm. of epinephrine 
was then administered over a 30 minute period at such a rate that the arterial pressure was 
more or less kept constant around 150 mm.Hg. During the action of epinephrine, the 
threshold was tremendously increased; a stimulus of 35 M.A. was necessary to induce fibril- 
lation, and that increase of threshold occurred despite the fact that the mean arterial 
pressure was the same as during the determination of both control thresholds. This evi- 
dently shows that, at least within certain limits, fibrillation threshold and mean arterial 
pressure do not undergo parallel changes. 

We conclude that the fundamental effect of epinephrine is to cause an increase 
in the fibrillation threshold. In other words, it decreases the sensitivity of 
the heart to fibrillation by the electric current used in these experiments. 

Quinidine sulfate. While the effects of quinidine have been repeatedly studied 
with respect to its value in preventing or abolishing ventricular tachycardia, it 
has not yet been demonstrated that such forms of tachycardia are necessarily 
related to induction of fibrillation. As regards direct experimental evidence, the 
opinions of investigators are divided. For example, Smith, McEachem and 
Hall (13) believe that it diminishes the risk of ventricular fibrillation following 
coronary occlusion, but Moisset de Epanls (14) was unable to obtain evidence 
of such preventative action. Such differing results are not surprising when the 
incidence of fibrillation following coronary occlusion is employed as a criterion. 
Although fibrillation may follow coronary occlusion, it depends on the fortuitous 
origin of properly timed stimuli. Ischemia itself causes a significant and variable 
decrease in threshold of sensitivity to electric shocks (Wiggers, W6gria and 
Pifiera (5)). For these reasons, it seemed important. to reinvestigate the effect 
of quinidine on the fibrillation threshold uncomplicated by such a factor as 
ischemia. 

Results of typical experiments are shown in figure 3. 

In experiment 1 of figure 3, short D.C. stimuli of 4 and 6 M.A. failed to cause fibrillation, 
but a 9 M.A. shock did so at 11:25 a.m. After prompt revival and an equilibration period 
of 20 minutes, another threshold determination showed that 6 and 8 M.A. failed, but 10 
M.A. induced fibrillation at 11:55 a.m. After revival and equilibration for 30 minutes, 2 
mgm. of quinidine sulfate per kilo were administered intravenously over a period of 20 
minutes. This caused a temporary decline of mean carotid pressure of 20 mm.Hg., but the 
pressure returned to its control value before the end of quinidine administration and re- 
mained there during the fibrillation threshold determination. As shown in the chart of 
figure 3 successive stimuli of 6, 9, 11, 14 and 15.5 M.A. failed to cause fibrillation, but a 
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ehocfc of 18 M.A. produced fibrillation at 1 : 10 p.m. Apparently a dose of quinidine sulfate 
(2 ragtn./kgm.) administered intravenously which does not cause a permanent decrease of 
mean arterial pressure, reduces the sensitivity of the ventricle to fibrillation by an electric 
shock applied during the vulnerable period. Essentially similar results arc shown in experi- 



Fiq. 3. Plot Showing tiie Fibrillation Threshold of the Dog’s Ventricle before 
and after (Quinidine Sulfate 

Arrangement same as figure 1. The numerals refer to mgm. of quinidine sulfate per kilo- 
gram of body weight. The heavy line under these numerals indicates the time and duration 
of the administration of quinidine. 


ments 2, 4 and 5 of figure 3. Experiment 3, however, demonstrates that, unless quinidine 
is properly administered, it may decrease the fibrillation threshold or leave it unchanged. 
As shown in the graph of experiment 3 in figure 3, short D.C. shocks of 2 and 4 M.A. failed 
to cause fibrillation, but a shock of 7 M.A. did so at 12c 10 p.m. After prompt revival and 
following an equilibration period of 35 minutes, 4 and 5 M.A. did not initiate fibrillation 
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shocks of 6 and 10 M.A. did not induce fibrillation, but 13 M.A. did at 3:05 p.m. The 
fibrillation was promptly stopped and a period of recovery allowed; then between 3:15 
and 3:40 p.m., 0.9 mgm..epinephrine was administered. While arterial pressure was around 
140 mm.Hg., successive stimuli of 10, 14, 17, 21 and 22 M.A. did not induce fibrillation, but 
20 M.A. did at 3:40 p.m. The dog was revived and at 4:00 p.m, another threshold deter- 
mination was begun. The threshold was 10 M.A., i.e., it was already back to its control 
value. 

Experiments 2 and 4 show essentially similar results. In experiment 4 control fibrilla- 
tion thresholds were 7 M.A. and 9 M.A.; immediately after epinephrine, fibrillation could 
not be induced even with stimuli as high ns 25 M.A. Experiment 3 deserves a few additional 
comments. The first threshold determination was made while the mean carotid pressure 
was 150 mm.Hg. and the threshold was 11 M.A. During the second threshold determina- 
tion, the pressure was about the same, 140 mm.Hg., and the threshold this time was 10 M.A. 
After revival the arterial pressure slowly decreased to 80 mm.Hg. One mgm. of epinephrine 
was then administered over a 30 minute period at such a rate that the arterial pressure was 
more or less kept constant around 150 mm.Hg. During the action of epinephrine, the 
threshold was tremendously increased; a stimulus of 35 M.A. was necessary to induce fibril- 
lation, and that increase of threshold occurred despite the fact that the mean arterial 
pressure was the same as during the determination of both control thresholds. This evi- 
dently shows that, at least within certain limits, fibrillation threshold and mean arterial 
pressure do not undergo parallel changes. 

We conclude that the fundamental effect of epinephrine is to cause an increase 
in the fibrillation threshold. In other words, it decreases the sensitivity of 
the heart to fibrillation by the electric current used in these experiments. 

Quinidine sulfate. While the effects of quinidine have been repeatedly studied 
with respect to its value in preventing or abolishing ventricular tachycardia, it 
has not yet been demonstrated that such forms of tachycardia are necessarily 
related to induction of fibrillation. As regards direct experimental evidence, the 
opinions of investigators are divided. For example, Smith, McEachem and 
Hall (13) believe that it diminishes the risk of ventricular fibrillation following 
coronary occlusion, but Moisset de Epanbs (14) was unable to obtain evidence 
of such preventative action. Such differing results are not surprising when the 
incidence of fibrillation following coronary occlusion is employed as a criterion. 
Although fibrillation may follow coronary occlusion, it depends on the fortuitous 
origin of properly timed stimuli. Ischemia itself causes a significant and variable 
decrease in threshold of sensitivity to electric shocks (Wiggers, Wdgria and 
Pinera (5)). For these reasons, it seemed important, to reinvestigate the effect 
of quinidine on the fibrillation threshold uncomplicated by such a factor as 
ischemia. 

Results of typical experiments are shown in figure 3. 

In experiment 1 of figure 3, short D.C. stimuli of 4 and 6 M.A. failed to cause fibrillation, 
but a 9 M.A. shock did so at 11:25 a.m. After prompt revival and an equilibration period 
of 20 minutes, another threshold determination showed that 6 and 8 M.A. failed, but 10 
M.A. induced fibrillation at 11:55 a.m. After revival and equilibration for 30 minutes, 2 
mgm. of quinidine sulfate per kilo were administered intravenously over a period of 20 
minutes. This caused a temporary decline of mean carotid pressure of 20 mm.Hg., but the 
pressure returned to its control value before the end of quinidine administration and re- 
mained there during the fibrillation threshold determination. As shown in the chart of 
figure 3, successive stimuli of 6, 9, 11, 14 and 15.5 M.A. failed to cause fibrillation, but a 
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That the calorigenie action of S-4 dinitrophenol (DNP) on intact animals is 
apparently lessened by exposure to cold has been reported by several investiga- 
tors (1, 2, 3). An explanation of this effect is afforded by the work of Hall, 
Crismon and Chamberlin (4), who showed that administration of DNP to 
anesthetized cats depressed the cold defense mechanisms, as evidenced by 
decrease or abolition of shivering on exposure to cold. When allowance was 
made for this effect, it was shown that, within certain limits, the calorigenie 
action of DNP on the cat was enhanced by hypothermia. The intensity of the 
calorigenie action of the drug was greatest in the body temperature range 33° 
to 35°C. Continuing these studies, Hall and Chamberlin (5) showed that in 
anesthetized cats the increase in oxygen consumption evoked by DNP is markedly 
greater if epinephrine be infused intravenously at a physiological rate either 
just before or during the period of DNP action. Since in their earlier work a 
period of exposure to cold preceded administration of the drug, they inferred 
that such synergic calorigenie action is a factor in the increased metabolic stimu- 
lation caused by DNP in hypothermic animals. 

The work reported here was undertaken to elucidate this phenomenon further. 
To this end we have investigated the percentage stimulation of respiration evoked 
by a given concentration of DNP in excised rat cerebral cortex and kidney cortex 
at temperatures ranging from 10° to 42°C. 

Forty-one adult albino rats were used. These were killed by decapitation. Tissue 
slicing was performed in a moist box at 37°C. (6). Cerebral cortex slices were prepared as 
described previously (7); kidney cortex slices were made with a Terry microtome (8). 
All slices were weighed on a micro-torsion balance before immersion in Ringer’s and then 
transferred to respirometer vessels. Oxygen consumption was measured by conventional 
manometric methods (9). The suspension medium was Ringer’s glucose-phosphate; the 
gas phase, oxygen. Time between death of the animal and the beginning of measurement 
of respiration (cf. 10) was about 30 minutes. Each run lasted at least 90 minutes. 

All measurements were made in triplicate and calculations were based on means so 
obtained. Readings were made at 10 minute intervals. DNP was added from the side- 
arms of the respirometer vessels 30 minutes after the run began. At this time control 
vessels received an equal volume of Ringer's . Control studies showed that under the condi- 
tions of these experiments, the respiratory rate of both tissues was constant for more than 
2 hours. 

All solutions were made up at pH 7.3, checked with a glass electrode. DNP was made up 
in Ringer’s glucose-phosphate, and in all cases the final concentration of DNP corresponded 

1 Supported by grants from the Markle Foundation and from the Stanford University 
School of Medicine. 


58 


OXYGEN CONSUMPTION 


59 


to 0 75 mgra. % of the sodium salt (3.35 X 10 -1 M). Subsequent work has shown that this 
is quite close to the optimum concentrations for stimulation of oxygen consumption in 
rat cerebral cortex at 37.5° and 25°C. (2.7 X 10~‘ M and 1.8 X 10~ ( M respectively). It is 
also close to the concentration of 4:6 dinitro-o-cresol reported by Dodds and Greyille (11) 
to be approximately optimum for the stimulation of rat cerebral cortex respiration at 37°C., 
ris. 1 X 10"‘ M. 

Oxygen consumption is expressed in c.mm., N.P.T., per mgm. dry weight per hour 
(Q 0l ). These figures were obtained by multiplying corresponding values of oxygen con- 
sumption per mgm. wet weight by the W/D ratios given in table 1. 

Results. 1. Intensity of DNP action as a function of temperature. A. 
Cerebral cortex. As Hall, Crismon and Chamberlin (4) have pointed out, the 
most satisfactory method of estimating the acceleration of oxygen consumption 
by DNP is by use of the stimulation ratio, t.e., the ratio of the oxygen consump- > 
tion under the influence of the drug to that which would exist had the drug 

TABLE 1 

tracer content of cerebral cortex and kidney cortex in 20 adult male albino rats 


Tissues sliced in moist box. Wet weights made immediately on a micro-torsion balance 
without immersion in Ringers. Slices then transferred to crucibles and dried to constant 
weight at 110°C. In an electric oven. 



cxubial coirrx 

XIDXEY CQI7TX 

Mean percentage water 

80.59% 

79.0-82.7% 

1.066% 

0.2334% 

1.323 

75.66% 

74.0-77.7% 

1.508% 

0.3371% 

1.9926 




Mean W/D ratio* 

5.15 

4.11 


* W/D ratio » Q 0l on wet weight basis, multiplied by this factor, gives 

dry weight 
on. dry weight, basis. 


not been administered. Expressing the former as Q 0 ,DNP (Q 0 , in the presence 
of DNP) and the latter as Qo,C (Qo, in control vessels), 

Stimulation Ratio = 

^OjC 

It is shown in table 2 that the intensity of the calorigenic action of DNP 
on cerebral cortex slices in vitro , as measured by the stimulation ratio, increased 
as the temperature rose from 10° to 32°C. (maximum), then decreased with 
further rise in temperature. The highest values of the stimulation ratio lay in 
the range 23° to 36°C. in which Hall and co-workers (4) observed active chemical 
defense against cold in the anesthetized cat. While the increment in Q 0 , due 
to the presence of DNP (column III under “cerebral cortex,” table 2) continued 
to rise with increase in temperature up to 35°C., the greater rate of increase in 
QojC as compared with Q„,DNP resulted in a diminution of the stimulation ratio 
above 32°C. (table 2). 
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There is surprisingly good agreement between the temperature optimum for 
the stimulation ratio' in excised rat cerebral cortex, 32°C. (table 2) and in the 
intact anesthetized cat, 33°C. (4). However, potentiation of DNP action by 
epinephrine, assumed by Hall and Chamberlin (5) to explain, in part at least, 
the rise in stimulation ratio in the hypothermic cat, is probably not a factor in 
the present experiments. The influence of temperature on the stimulation 
ratio observed in our work must be related.to fundamental aspects of the metab- 
olism of the brain itself or to exogenous factors which influence brain metabolism 
for several hours after excision or both. 

If it be assumed that the influence of temperature on DNP action is sub- 
stantially the same for cerebral cortex and for the hypothalamic temperature 

TABLE 2 

Data showing the effect of S.S5 X I0~ s M DNP on the oxygen consumption of rat cerebral cortex 
and kidney cortex in vitro, at graded temperature levels 
Column I. Mean values of Qo, in vessels without DNP (Qo:C) 

II. Mean values of Qo, in vessels with DNP (Qo,DNP) 

III. Increment in Qo, due to presence of DNP (Qo,DNP — Qo,C) 

IV. Stimulation ratio (Qo,DNP/Qo,C) 


TEMPER- 

ATURE 

CEREBRAL CORTEX 

XIDNEY CORTEY 

I 

II 

III 

IV 

I 

n 

III 

IV 

•c. 









10 

1.34 

1.91 

0.57 

1.42 

1.81 

2.00 

0.24 

1.14 

15 

2.63 

3.97 

1.34 

1.51 

2.92 

4.11 

1.19 

1.41 

18 





3.53 

5.10 

1.57 

1.44 

20 

3.40 

5.67 

2.27 

1.67 

4.48 

6.78 

2.30 

1.51 

22 





4.93 

7.52 

2.59 

1.62 

25 

4.07 

7.21 

3.14 

1.77 

6.70 

8.92 

2.22 

1.33 

28 

6.03 

10.81 

4.78 

1.79 

7.23 

9.58 

2.35 

1.32 

32 

6.75 

12.72 

5.97 

1.88 

9.66 

12.04 

2.38 

1.25 

35 

8.70 

14.83 

6.13 

1.70 

14.30 

16.81 

2.51 

1.18 

37.5 

10.40 

15.40 

5.00 

1.48 

15.91 

15.54 

-0.37 

0.98 

42 

11.23 

12.26 

1.03 

1.09 

14.06 

13.77 

-0.29 

0.98 


centers, the present findings are in harmony with the hypothesis of Hall and co- 
workers (4) that abolition of the cold defense reactions by DNP may be due to 
the calorigenic action of the drug on the temperature centers, raising the thresh- 
old of these toward impulses from cold receptors or toward fall in blood tempera- 
ture. Our finding that the calorigenic action of DNP on cortex slices in vitro 
is relatively greater over the temperature range in which the cold defense mecha- 
nisms are operative (in the cat at least) may be considered evidence in favor of 
this hypothesis. 

B. Kidney cortex. To determine whether the findings just described were of 
more general application, it was necessary to carry out a similar investigation 
on tissues from another organ or organs. Kidney was selected because Clowes 
and Krahl (12) have shown that the percentage stimulation of oxygen consump- 
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tion of rat kidney by 4:6 dinitro-o-cresol and by certain halogenated phenols is 
greater at 20°C. than at 37°C. 

It is shown in table 2 that the variation in stimulation ratio with temperature 
is quite different for the two organs. The maximum stimulation ratio (1.52) 
for kidney cortex occurred at 22®C., the maximum for cerebral cortex (1.88) 
at 32°C . This finding tends to emphasize the association of the maximum stimu- 
lation ratio in brain with the temperature range in which chemical defense 
against cold is most active (4). It may be noted that the concentration of 
DNP used, 3.35 X 10 -5 M, actually caused slight inhibition of the respiration 
of kidney cortex at and above 37.5°C., whereas it evoked moderate increase of 
oxygen consumption by cerebral cortex up to 42°C. This disappearance of 
stimulation of kidney slice respiration by DNP at body temperature levels, using 
a concentration effective in other organs at this temperature, may account for 
the report by Dodds and Greville (11) that the respiration of kidney is not 
increased by DNP in Ringer’s phosphate, since their work was done at 37°G. 

C. General discussion. A satisfactory fundamental interpretation of these 
observations depends upon an understanding of the mechanism of action of the 
nitrated phenols in increasing the oxygen consumption of tissues. In spite of 
the accumulation of much relevant data (cf. Edsall, 13; Oppenheimer and 
Stern, 14), no certainty has yet been reached on this subject. Two major hy- 
potheses have been offered in explanation. 

I. The nitrated phenols act as supplementary hydrogen transporters, through 

reversible oxidation and reduction (cf. 15). 

II. The nitrated phenols serve to increase the concentration of some substance 

or substances which can then be used as substrate by respiratory en- 
zymes and related catalysts (14, 16). 

Greville and Stern (15) have shown that the first hypothesis must be con- 
sidered improbable.* There is, however, considerable experimental support for 
the second. Thus it has been shown that in many instances the nitrated phenols 
evoke a marked increase in anaerobic sugar breakdown, and, in some tumors, an 
increased aerobic glycolysis (cf. 14). These observations suggest that the 
increase in oxygen consumption may be consequent upon increased substrate 
supply furnished by fermentative breakdown of sugar. Interesting and im- 
portant in this connection is the observation of Clifton (17) that certain micro- 
organisms, which usually partly oxidize and partly synthesize a given substrate, 
oxidize the substrate completely in the presence of DNP and certain other .cell 
poisons such as azide. If such a mechanism be operative in the mammalian cell, 
stimulation of respiration by the nitrated phenols is a secondary effect and the 
action of these drugs on enzyme systems may be purely inhibitory. On this 
view', the lower concentrations of DNP would inhibit the more sensitive synthetic 
enzyme systems, higher concentrations W’ould inhibit both synthetic and respira- 
tory enzymes. Quantitative differences in such synthetic reactions would then 
explain the quantitative variation in the effect of DNP on the oxygen consump- 
tion of brain and kidney, while the variation in stimulation ratio in a single organ 
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with change in temperature might result from a change in metabolic pattern 
with temperature. 

2. Temperature coefficient of respiration in cerebral and kidney cortex. The 
ratio of the rate of a chemical reaction at a given temperature to the rate of that 
reaction at a temperature 10°C. lower is called Q i0 ( cf . 18). The present ex- 
periments provide data for the calculation of Qio for oxygen consumption in 
cerebral and kidney cortex of the rat over a wide temperature range. For this 
purpose the values of Qo,C given in table 2 were plotted against temperature and 
fitted with smoothed curves. Qo, values were read from the smoothed curves 
at 5°C. intervals from 10° to 35°C. and at smaller intervals thereafter. The 
values of Q I0 calculated from these data by the usual formula (18) are given in 
table 3. 

It is shown in table 3 that the Qio for respiration in rat cerebral and kidney 
cortex decreases with rise in temperature from 10° to 30°C. Such progressive 
diminution in Qio with increase in temperature is characteristic of many biological 


TABLE 3 

<?io of the respiratory rate of cerebral cortex and kidney cortex at graded temperatures 


TEITPERATUEE RAN OB 

Qio 

Cerebral cortex 

Kidney cortex 

•c 



10 -15 

2.07 

2.52 

15 -20 

2.00 

2.19 

20 -25 

1.83 

2.01 

25 -30 

1.83 

1.88 

30 -35 

2.11 

2.75 

35 -37.5 

1.93 

1.54 

37.5-42 

1.16 

0.76 


processes (18). However, both brain and kidney respiration show a definite 
rise in Qio in the range 30° to 35°, followed by a decrease with further rise ir 
temperature. A similar rise in Qio as the temperature approaches the thermal 
optimum has been observed in certain crustacean tissue by Belding, Field, Wey- 
mouth and Allen (19), in sea urchin eggs by Korr (20) and in some other in 
stances (cf. 18). 


SUMMARY 

The intensity of the acceleration of oxygen consumption of excised rat cerebral 
cortex and kidney cortex by a given concentration of DNP (3.35 X 10~ s M) 
varies with temperature. The maximum percentage increase in respiration 
occurred at 32°C. in cerebral cortex and at 22°C. in kidney cortex. These ob- 
servations support the hypothesis of Hall (4) that abolition of the cold defense 
reactions in hypothermic cats by DNP is consequent upon a relative increase in 
the metabolism of the temperature regulating centers with accompanying de- 
crease in the sensitivity of these centers to the effects of cold stimuli. 
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Values of the temperature coefficient, Qio, for the respiration of excised cerebral 
and kidney cortex were calculated for small intervals over the range 10° to 42°C. 
For both tissues there was a progressive decrease in Q J0 from 10° to 30°C,, fol- 
lowed by a definite rise in the range 30° to 35°C., with diminution on further rise 
in temperature. 
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This new drug, 2 originally described by Eisleb and Schaumann (1), was re- 
ported to possess definite analgetic and spasmolytic properties together with a 
mild atropine-like action. Subsequent reports confirming these findings were 
made by Duguid and Heatheote (2), and Schaumann (3). Early clinical reports 
confirming its analgetic and spasmolytic effectiveness were made by Dietrich 
(4), Shaefer (5), Rosenthal (6), Klein (7), and Althoff (8). Later, clinical re- 
ports suggesting that Demerol might be habit-forming were made by Yon Brucke 
(9) and Kucher (10). The latter noted withdrawal symptoms when the medica- 
tion was withheld and clonic muscular twitchings following its administration. 
In view of this, it seemed advisable to ascertain whether or not Demerol possesses 
the quality of satisfying or producing physical dependence. 

Methods. Substitution. Thirteen addicts with established physical dependence were 
stabilized on the respective minimal amounts of morphine needed to prevent signs of with- 
drawal. One week later Demerol was completely substituted for morphine. In each 
instance an attempt was made to duplicate the clinical picture obtained with morphine by 
adjustment of the amounts and intervals of administration of Demerol. The morphine 
stabilization doses ranged from 25 to 50 mgm. 4 times daily; the Demerol substitution doses 
from 60 to 120 mgm. 6 to 12 times daily. The mean values for dosage were: morphine, 36 
mgm. 4 times daily; Demerol, 86 mgm. 9 times daily. 

After 10 days the administration of Demerol was abruptly discontinued. Observations 
for signs of withdrawal were made three times daily throughout, and at more frequent 
intervals for the first 48 hours after withdrawal. The abstinence syndrome intensity was 
scored by the point system shown in table 1. 

Addiction. Demerol was administered regularly to four prisoner patients (former ad- 
dicts) selected from volunteers with sentences of sufficient length to permit full recovery 
prior to release. The medication was administered hypodermically in progressively in- 
creasing amounts at intervals consonant with the condition and desires of the subjects 
(table 2). The administration of Demerol was interrupted for one day after the first and 
after the second months of stud}’, and was abruptly discontinued in the 10th or 11th week. 
Observations for signs of withdrawal were made and the abstinence syndrome was scored 
as described under Substitution.’ 

Results. Substitution. Support of morphine physical dependence by 
Demerol was incomplete (fig. 1), but after its withdrawal signs of abstinence be- 
came intensified for two days, then waned. The results of studies of codeine by 
substitution (11), and the standard morphine abstinence syndrome (12), are 
shown (fig. 1) for comparison. 

1 Passed Assistant Surgeon, United States Public Health Service. 

’ J-methyl-4-phenyl-piperidine-4-carbonic acid ethyl ester, known as “Dofnntin in 
Europe, was furnished by Dr. O. IV. Barlow of the Winthrop Chemical Company. 

’ Because of the presence of tremor during the administration of Demerol, this abstinence 
sign was not scored in the addiction studies. 
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TABLE 1 


Point system for measuring abstinence syndrome intensity by the day (D) or by the hour (H) 


SI CMS 

(D) 

MTPAV 

(H) 

nr bov* 

Points 

Limit 

Points 

Limit 

Yawning 

1 

1 

1 

1 

Lacrim&tion 

1 

l 

1 

1 

Rhinorrhea 

1 

1 

1 

1 

Perspiration 

1 

1 

1 

1 

Mydriasis 

3 

3 

3 

3 

Tremor 

3 

3 

3 

3 





3 

Anorexia (40% decrease in caloric intake) 

3 

3 



Restlessness 

5 

5 

5 

5 

Emesis (each spell) 

5 


5 

G 

Fever (for each 0.1*0. rise over mean addiction 





level) 

1 


1 

10 

Hyperpnoea (for each reep./min. rise over mean 





addiction level) 

1 


1 

10 

Rise in A.M. Systolic B.P. (for each 2 ram. Hg over 





mean addiction level) 

1 

15 

1 

10 

Weight loss (A.M.) (for each lb. from last day of 





addiction) 

1 





Total abstinence syndrome intensity per day or per hour is the sum of the points scored 
in the (D) or (H) columns respectively, with due attention to the limits. 


TABLE 2 
Dosage 


weee 

SUBJECT 1 

SUBJECT J 

SUBJECT 3 

SUBJECT * 

l>ose 

No of 

Dose 

No. of 
Injec- 
tions 

Dose 

No. of 
Injec- 
tions 

Dose 

No. of 
Injec- 
tions 


tm 


tm 


tm. 


tm 


1st 

7.250 

72 

2.625 

43 

6.525 

65 

7.625 

74 

2nd 

11.225 

84 

4.800 

56 

9.375 

74 

10.750 

81 

3rd 


78 

O’. 675* 

9 

10.725 

71 

11.855 

76 

4th 

14.200 

71 

3.100 

39 

15.000 

70 

11.520 

70 

5th 

13.600 

62 

4.725 

50 

10.800 

62 

10.710 

61 

6th 

16.640 

69 

5.805 

55 

12.600 

70 

13.730 

77 

7th 

18.500 

74 

7.775 

64 

14.000 

75 

15.590 

82 

8th 

19.120 

74 

9.590 

73 

15.300 

74 

16.510 

85 

9th 

24.300 

90 

11.300 

83 

20.000 

91 

18.495 

99 

10th 

21.060 

78 

10.925 

81 

18.480 

85 

19.590 

95 

11th 



0.650 

4 

3.710 

IS 

8.840 

52 

Totals 

1 59.895 

752 

61.970 

557 

136 515 

755 

145.215 

852 

Mean dose 

0.212 


0.111 


0.181 


0.170 


Total no. hours on Demerolf. . 

1634 

1505 

1656 

1703 

Mean hourly interval.. . . 

2.17 

2.70 

2.19 

2.00 


* Voluntarily discontinued drug for 7 days, 
t Less time of withdrawals. 
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Not only was the Demerol abstinence syndrome less severe than that of 
morphine or codeine by objective criteria, but the subjective complaints were 
markedly reduced. Some of the patients remarked that the effect of the medica- 



Fig. 1. Substitution of Demerol for Morphine 


PO/HTS 



HOURS AFTER WITHDRAWAL 

Fig. 2. Onset of Demerol Abstinence Stndrome 

POIUTS 



Fig. 3. Withdrawal of Demerol after Administration fob 10 Weeks 

tion was similar to atropine or hyoscine (one had a mild hyoscine-like delirium) ; 
the majority liked the effects and considered the substitution to constitute a 
“good treatment” for withdrawal. 

The onset of the abstinence syndrome was more abrupt than that of morphine; 
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50% of the maximal intensity being reached in 4 to 5 hours, whereas this value 
for morphine is 14 hours (13). 

Addiction . On withholding Demerol for 22 hours after one month of ad- 
ministration, definite but very mild signs of abstinence appeared by the 10th 
hour and persisted until administration of the drug was resumed. Nevertheless 
the patients complained of no symptoms and did not consider the drug to be 
“habit-forming.” On withholding Demerol for 24 hours after two months of 
administration, definite but mild signs of abstinence appeared somewhat earlier; 
but again the patients had no appreciable subjective discomfort. Folio wing 
withdrawal of the drug in the 10th or 11th week of study a definite abstinence 
syndrome appeared within a few hours and reached 50% of its maximal intensity 
by the 4th hour (fig. 2). The patients experienced none of the symptoms usually 
associated with withdrawal until the second day, when their complaints became 
typical of, although less severe than, those of morphine withdrawal/ The 
objective criteria of abstinence likewise were less severe than, but otherwise quite 
typical of, the morphine abstinence syndrome (fig. 3). 

During the course of the study the patients' temperatures, pulse rates, and 
systolic blood pressures became slightly elevated; whereas their respiration 
rates, appetities, and weights decreased somewhat. After the first week of ad- 
ministration the patients developed muscular tremors and twitches which con- 
tinued throughout the course of study until the third or fourth day after with- 
drawal. Their reflexes were somewhat hyperactive and they seemed to become 
startled by stimuli ordinarily non-disturbing. One developed a mild toxic psy- 
chosis which cleared up on reducing the dose. Two of the patients had epilepti- 
form (petit mat) seizures during the 10th week. 

All the patients considered the effects of the drug to be nearly like morphine, 
but less well sustained, and all complained of dryness of the mouth throughout. 

SUMMARY 

When substituted for morphine Demerol partially satisfied the physical de- 
pendence established to morphine. On withdrawal, after 10 days of substitu- 
tion, a definite but mild abstinence syndrome occurred. 

Physical dependence on Demerol resulted from its regular administration to 
post-addicts over a period of 10 weeks. The abstinence syndrome which oc- 
curred following its withdrawal was milder than the morphine abstinence syn- 
drome but otherwise quite typical. The duration of the physical dependence 
action of Demerol was considerably shorter than that of morphine. 

CONCLUSION 

Demerol possesses addiction liability. 
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Since the isolation of retrorsine by Manske (2), there has been a renewal of 
interest in Senecio species, both chemically and pharmacologically. In addi- 
tion to Manske's subsequent contributions (3, 4, 5), Barger, Seshadri, Watt, and 
Yabuta (6), Barger and Blackie (7), and Blackie (8) investigated the properties 
and the chemistry of several new alkaloids. Similarly, Orechoff (9), OrechofT 
and Konowalowa (10), and Konowalowa and Orechoff (11, 12, 13) described the 
chemical nature of platyphylline and seneciphylline. Recently, deWaal (14, 
15, 16) studied the constitution of isatidine and other related alkaloids. In 
this laboratory, pharmacologic and toxicologic experiments have been carried 
out by Chen, Chen, and Rose (17) on retrorsine, and by Chen, Harris, and 
Rose (18) on platyphylline and seneciphylline. A pathological report on re- 
trorsinc in rats was also made by Davidson (19). It is interesting that lasio- 
carpine, an alkaloid of Heliolropivm lasiocarpum, produces similar hepatic 
lesions as most alkaloids of Senecio species (20). The present report deals with 
the effects of integerrimine, jacobine, senecionine, longilobine, and spartioidine 
in various animals. These alkaloids were isolated by Manske from Senecio 
integerrimus , S. jacobaea, S. longilobus , and S. sparlioides, respectively. The 
authors are indebted to Dr. Richard H. F. Manske, Division of Chemistry, 
National Research Council, Ottawa, Canada, for a supply of each specimen. 
Solutions were easily prepared by dissolving the weighed quantity of each 
alkaloid in an equimolecular amount of hydrochloric acid. 

Toxicity in mice. On intravenous injection in mice, similar toxic effects were 
observed with all the 5 alkaloids. Large doses caused rapid respiration, clonic 
convulsions, and death within a few minutes. Animals receiving smaller doses 
might temporarily reoover from convulsions, but they became lethargic, lost 
appetite, exhibited erection of hair, and died in 24-96 hours. If they survived 
4 days after medication they usually began to eat and move around and soon 
appeared normal. Arbitrarily, 1 week was allowed before the experiment was 
concluded. The median lethal doses (LD 6 o ± standard error) of senecionine, 
integerrimine, jacobine, longilobine, and spartioidine were determined, as shown 
in table 1, on the basis of 7 days' observations. It is obvious that senecionine 
is the most toxic of the entire group, while the remaining 4 compounds are 
fairly close in their toxicity. 

Pathological studies. Necropsies were carefully made on those mice which 

1 Read at the Chicago Meeting o! the American Society for Pharmacology and Experi- 
mental Therapeutics on April 19, 1941 (1). 
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died, and also on those animals which survived a week, following single injections 
of these alkaloids as given in table 1. Chloroform vapor was used to kill the 
latter group immediately before postmortem examination. In the earlier 
experiments sections of the liver, lungs, Iddneys, spleen, and adrenals were made 
routinely. Subsequently only the livers were sectioned routinely, but in the 
great majority of animals sections of the kidneys were also made. 

As soon as it was revealed that the liver uniformly underwent necrosis addi- 
tional experiments were carried out in mice by subcutaneous, oral, or intravenous 
administration of sublethal doses of the alkaloids. These doses were repeated 
frequently with the purpose of introducing a slow development of the lesion, 
so that it, might resemble cirrhosis of the liver as it occurs in cattle after the 
ingestion of Senecio plants. The results may be summarized as follows. 

1. Senecionine. Thirty-four mice which died after intravenous injection of 
single doses of senecionine were autopsied (table 1). Slight ascites occurred 
in 8 animals, moderate ascites in 2; slight hydrothorax in 9, moderate hydro- 
thorax in 1 ; and pulmonary edema in 3. 

Hepatic changes consisting of necrosis of liver cells, sinusoidal congestion, and hemor- 
rhage into the cords of liver cells, took place in all animals. Necrosis on one hand, and con- 
gestion and hemorrhage on the other, were almost invariably associated, although sections 
of the livers of 2 mice showed no congestion, and sections of 3 others, intense sinusoidal 
congestion and hemorrhage with no evidence of necrosis. In 6 animals, necrosis was peri- 
portal; in 24, it was central; and in the liver of 1 mouse there was slight midzonal necrosis. 
In some cases hemorrhage into cell cords was so extensive that liver cells appeared to have 
been washed away. A similar appearance was mentioned by Davidson (19) with retrorsine 
in rats. This type of lesion was also produced by the 4 other alkaloids of the present series. 
In a little more than half the livers, focal accumulations of blood caused a resemblance to a 
cavemouB hemangioma as illustrated in figure 1 . The same lesion was referred to by David- 
son (19) as the formation of “blood lagoons” or “blood pools.” In places this angiomatoid 
1 appearance evidently resulted from hemorrhage into the liver cords with displacement of 
liver cells and compression of the sinusoids, but in other instances it could have resulted 
from sinusoidal distension. The lesion, severe and widespread in half the mice, was usually 
central in location, but in a few animals it was periportal, and in some cases the exact loca- 
tion was uncertain owing to its great extent and severity. In general, it was found in the 
region where necrosis was commonly observed. This also applies to the other 4 alkaloids of 
the present investigation. 

As was to be expected, there was no constant correlation between the size 
of the dose and the survival time, and the type of lesion produced. Practically 
all animals receiving large doses died early, but a few mice on small doses also 
succumbed before the' end of 24-48 hours. Usually moderate or extensive 
necrosis occurred with late death, but it was also present in the livers of a few 
mice which died early. Extreme congestion and hemorrhage into cell cords 
with or without evident necrosis were appreciably more common in animals 
which died early, although they were by no means confined to them. These 
statements also apply to jacobine, longilobine, integerrimine, and spartioidine, 
so that subsequent repetitions will not be necessary. 

Eighteen mice surviving 7 days after the intravenous injection were chloro- 
formed (table 1), The organs of 13 animals were normal; the livers of 2 on the 
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TABLE 1 


Toxicity of senecioninc, integerrimine, jacobinc, longilobinc, and spartioidine 
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dose of 62 mgm. per kgm. contained small groups of calcified cells; and the 
pancreas of a third showed edema and regions of necrosis. In 2 other mice 
receiving a dose of 70 mgm. per kgm., the cells in the center of some liver lobules 
were lost and replaced by monocytes. 

2. Jacobine. Necropsies were made on 31 mice which died after a single in- 
travenous injection of jacobine (table 1). Ascites was present in 15 animals — 
slight in 11, moderate in 3, and copious in 1. Hydrothorax occurred in 4 mice; 



Fig. 1. Angiomatoid Lesion Produced bt Senecionine. X 162 
Mouse, numbered 229, male, weighing 17.5 gm., died 2 days after intravenous injection 
of senecionine in the dose of 62 mgm. per kgm. This lesion involves the tissue in the center 
of the liver lobules. The black granules are due to the action of formalin upon hemoglobin. 


and pulmonary edema, in 4. Microscopically, the livers of 4 animals were 
slightly congested, but- all others showed much congestion with hemorrhage into 
cell cords. Production of an angiomatoid appearance was present in 14. Ne- 
crosis of the liver was obvious in 30 mice — 23 central, 4 midzonal, and 3 peri- 
portal. 

Of the 16 surviving animals (table 1), 14 were normal. The livers of 2 mice on the dose of 
70 mgm. per kgm. contained groups of calcified cells, more in one than in the other. It is 
not certain that the occurrence of such cells may be due to jacobine. 
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A group'of 13 mice was given subcutaneous injections of jacobine daily except Saturdays 
and Sundays. Five of tbem had 75 ragm. per kgm. each day, but died following the second 
dose. The lesions observed were the same as those after intravenous injection of single, 
large doses. The remaining animals, 8 in all, received repeated doses of 40 mgm. per kgm., 
and died in 26-70 days. Six had ascites; 5, pulmonary edema; and 3, hydrothorax. The 
livers of all 8, instead of necrosis, showed hypertrophy of cells. An example is given in 
figure 2. In several cases the hypertrophy was most pronounced about the portal spaces. 
With the exception of 1 liver, there was a corresponding enlargement of nuclei. 



Fiq. 2. Hypertrophy or Liver Cells by Prolonoed Administration of Jacobine. 
X 162 


Mouse, numbered 3S4, female, weighing 16 gm,. received subcutaneously jacobine in the 
dose of 40 mgm. per kgm. five times weekly. . died in 39 days after 27 doses, The great 
increase in sire of some cells and their nuclei is clearly evident. A small group of highly 
vacuolated cells is present. 


Another group of 5 mice each received intravenously 60 mgm. per kgm. three' times a 
week. One animal died in 2 weeks with hypertrophy of liver cells, another in 4 weeks with 
no evidence of liver pathology. After 4 weeks of intravenous injection the medication was 
continued in 3 remaining mice by subcutaneous injection in the same dosage. They were 
then sacrificed at the end of the ninth week counting from the first dose by vein. Two 
animals had ascites, and one had hydrothorax. Their livers showed hypertrophy of cells 
and nuclei. 

A third group of 15 mice was given jacobine orally. The doses were 66, 280, and 569, 
mgm. per kgm., 5 animals being employed for each dose. Death resulted from the larger 
doses uithin 24 hours, and necropsies made on 8 mice disclosed the usual central hepatic 
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necrosis and congestion with hemorrhage into cell cords. The small dose, namely 66 mgm. 
per kgm., was repeated daily until death occurred. Those animals which died within 7 
days also showed central necrosis, congestion, and hemorrhage. Only 1 mouse survived 20 
days on that daily dose, and its liver cells were hypertrophic with neither necrosis nor 
fibrosis. 

S. Longilobine. Postmortem examination was performed on 22 mice which 
died after a single intravenous injection of longilobine (table 1). Ascites was 
present in 12 animals; hydrothorax, in 10; and pulmonary edema, in 2. All 
animals showed necrosis of the liver — central in 19, periportal in 2, and diffuse, 



Fig. 3. Central Necrosis Caused rv Longilobine. X 162 
Mouse, numbered 251, male, weighing 17.9 gm., died 3 days after intravenous injection 
of longilobine in the dose of 80 mgm. per kgm. There is extensive central necrosis of the 
liver with little leukocytic reaction . 


in 1. Figure 3 is a good representative of the central necrosis. Congestion with 
hemorrhage also occurred. In the livers of 10 mice, an angiomatoid appear- 
ance was produced, particularly striking in 5. 


Twenty-eight surviving mice were chloroformed at the end of 7 days following the in- 
travenous injection (table 1). No abnormality could be demonstrated in 26 animals. In 
1 mouse injected with 62, and in another injected with 80 mgm. per kgm., there was loss of 
cells in the center of a few liver lobules with replacement by monocytes. 

An additional series of 4 mice was given 40 mgm. per kgm. subcutaneously, every day 
exccpt Saturdays and Sundays. They all succumbed within S weeks. The total quantity 
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of longilobino administered to each animal amounted to 800-1520 mgm. per kgm Ascites 
was observed in 3 mice, and hydrothorax in one. The livera of all 4 showed hypertrophy 
of cells, and with the exception of one, hypertrophy of nuclei. In 2 mice the hypertrophic 
cells were seen only in the periportal regions. 

4. Intcgcrriminc. Twelve mice that died after the intravenous injection of 
single doses of this alkaloid (table 1) were studied pathologically. Ascites was 
found in 7 animals; hydrothorax, in 3; and pulmonary edema, in 2. The livers 
of all animals showed central necrosis accompanied by sinusoidal congestion 
and hemorrhage into cords of necrotic cells. An angiomatoid appearance was 
observed in 9 mice — especially striking in 5. Twenty-eight surviving mice were 
sacrificed with chloroform. Only 1 showed loss of cells in the center of liver 
lobules, and replacement by monocytes. The remaining 27 mice were normal. 

• An additional group of 5 mice received subcutaneous injections of 40 mgm. 
per kgm., daily from Monday through Friday each week. They died after 
the ninth, fifteenth, twentieth, twenty-first, and fortieth doses, respectively. 
All the livers showed evidence of hypertrophy, but no suggestion of cirrhosis. 

5. Spartioidine . Of the 2G mice which succumbed to single intravenous 
doses of spartioidine, 8 had ascites, 4 hydrothorax, and 5 pulmonary edema. 
There was a definite sign of necrosis in the livers of 23 animals — 18 central and 
5 periportal. Sinusoidal congestion and hemorrhage into cell cords also oc- 
curred, angiomatoid in 8 cases. Of the 21 surviving mice, 20 were normal while 
one exhibited replacement of liver cells by monocytes in the center of some 
liver lobules. 

A separate group of 17 mice was given intravenous injections of spartioidine 
daily. The doses varied from 10-20 mgra. per kgm. Thirteen animals were 
chloroformed after 9-16 doses, and were found to be normal. Four mice died 
during the intervals of 7-17 days, and their viscera were free from pathological 
changes. Only 1 animal, which died after 17 days, showed marked hyper- 
trophy of liver cells in periportal areas. 

Another group of 8 mice was injected intravenously once a week. The dose 
was the same for all of them, GO mgm. per kgm. Five died in 23-89 days, but 
no lesions were present except slight focal calcification of liver cells in 1 animal. 
The remaining 3 were chloroformed, and were found to be normal. 

A third group of mice received subcutaneous injections of spartioidine, in 
the dose of 40 mgm. per kgm. daily except Saturdays and Sundays. All died 
after a total amount of from 880-1600 mgm. per kgm. per capita had been ad- 
ministered. Hypertrophy of liver cells and nuclei uniformly occurred in their 
livers, particularly pronounced about the portal spaces. 

Other effects. In etherized cats weighing 2-2.5 kgm., senecionine, integerri- 
mine, jacobine, longilobine, or spartioidine, when injected intravenously in the 
dose of 30-50 mgm. (total), lowered carotid blood pressure usually with prompt 
recovery. All 5 alkaloids inhibited the peristaltic movements of isolated rab- 
bits' intestines, in the concentrations of 1 : 50,000 and 1 : 40,000. Integerrimine, 
longilobine, or jacobine stimulated isolated guinea pigs’ uteri in concentrations 
of 1 : 50 ,000 and 1 : 10,000, but both senecionine and spartioidine were ineffective 
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in the solution of 1 : 10,000. In general their action on circulation and smooth 
muscle organs was similar to that of retrorsine, seneciphylline, and lasiocarpine 
(17, 18, 20). 

Discussion. It is apparent that all the 5 alkaloids have a similar toxic 
action in mice in that they all produce necrosis of the liver, mostly around the 
central vein. The mechanism by which the liver lesions are produced is not 
clear at present. Further work will be necessary in order to prove the modus 
operandi. It is probable that hemorrhage occurs first as a result of fall, of blood 
pressure and stagnation with subsequent vascular injury, and necrosis sets in 
secondarily. The frequent predominance of the former in those mice which 
died early seems to support this assumption. Furthermore, the occurrence of 
ascites, hydrothorax, and pulmonary edema, also speaks for vascular changes 
as the primary cause. No explanation can be given as to why necrosis does not 
occur constantly in a given portion of the liver lobule. It is also possible that 
hemorrhage into liver cell cords is due to decrease in prothrombin as with 
other hepatic poisons which have been aptly discussed by Quick (21). This 
phase of the question is being investigated in this laboratory. 

Attempts to produce cirrhosis of the liver by repeated administration of 
small doses of the alkaloids, intravenously, subcutaneously, or orally, have 
failed. In its place, hypertrophy of the parenchymal cells and their nuclei is 
uniformly observed. It must be assumed that the mouse responds differently 
from cattle, for the latter are said to develop liver cirrhosis from eating Senccio 
plants. Davidson (19) using retrorsine also was unsuccessful in producing 
cirrhosis in rats. He reported endothelial proliferation in the hepatic and sub- 
lobular veins of the liver. This was not present in the livers of our mice. 

SUMMARY 

1. The median lethal doses of senecionine, integerrimine, jacobine, longilobine, 
and spartioidine, have been determined in mice by intravenous injection. 
Death occurs in 24-96 hours following medication. 

2. Necropsies have been performed on all animals, dead or surviving for a 
week. Necrosis of the liver, chiefly central, associated with sinusoidal con- 
gestion and hemorrhage into cell cords is uniformly observed. 

3. Repeated administration of small sublethal doses of the 5 alkaloids, in- 
travenously, subcutaneously, or orally, is followed by hypertrophy of the liver 
cells and their nuclei. In no instance is cirrhosis of the liver observed. 

4. All the 5 alkaloids lower arterial blood pressure of etherized cats, and in- 
hibit the peristaltic movements of isolated rabbits’ intestines. Integerrimine, 
longilobine, and jacobine cause contractions of isolated guinea pigs’ uteri. 
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preparations cause a fall in body temperature, while therapeutic doses have no 
such effect. In rats nonlethal doses frequently produce an anorexia with 
gradual loss of weight and muscular tone. In both species death appeared to 
be due to respiratory failure since the heart continued to beat for a considerable 
time after respiration had ceased. 

Cumulative toxicity. The effect of repeated daily administration of gramicidin 
and tyrothricin was determined in a series of 10 dogs. For these studies the 
preparations were suspended in 5 per cent glucose and administered intrave- 
nously in doses of 2 and 4 mgm. per kilogram. Body temperature, heart and 
respiratory rate, and blood picture (red, white, differential count, hemoglobin 
and hematocrit) w'ere observed at frequent intervals. The blood samples for 
analysis were taken prior to the injection of the suspensions. 

Daily doses of 2 mgm. of gramicidin or tyrothricin per kilogram caused death 
in most dogs within 2-8 days. Gramicidin appeared somewhat more toxic than 
tyrothricin since most deaths following gramicidin administration took place 
after 2-3 injections whereas 5-6 injections of tyrothricin were tolerated. All 
dogs developed anorexia and lost weight; the latter effect became more pro- 
nounced as the experiment progressed. During and shortly following each in- 
jection most dogs secreted excessive amounts of saliva and showed a slight 
rise in body temperature. Shortly before death the body temperature de- 
creased. No significant change in heart or respiratory rate took place until 
shortly before death, at which time the heart rate became slow and the respira- 
tion shallow'. 

Daily blood examinations showed that all dogs receiving 2-4 mgm. of ty- 
rothricin per kilogram developed marked leucocytosis. Dogs w'hich tolerated 
more than 10 consecutive doses of the drug became anemic, the erythrocyte 
count ranging from 2.06 X 10 5 to 3.95 X 10 5 cells per c.mm. One dog with 
marked leucocytosis and anemia returned to normal after a period of 2 months 
during which time no drug had been given. This might indicate that the 
anemia caused by daily injections of tyrothricin is related to the hemolytic 
properties, w’hich it can display in vitro (5). 

Gramicidin had no apparent effect upon the blood picture during the short 
period which the animal survived. How'ever, equivalent doses of gramicidin 
might have a similar effect as tyrothricin if the animal could tolerate a larger 
number of consecutive doses. 

Pathology. 2 “Upon autopsy there were generalized congestion with degen- 
erative changes in all organs, fatty liver, and an occasional enlargement of the 
spleen. Ascites was found in most cases. Upon microscopic examination the 
following changes w'ere found: The congestion in the spleen was most pro- 
nounced. If the spleen did not have an open circulation this might have readily 
been interpreted as hemorrhage into the organ. At times the congestion 

* We are indebted to Dr. William Antopol of the Newark Beth Israel Hospital for the 
pathological findings. 
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appeared to be most pronounced in the perifollicular zone, but this was not a 
constant finding. The cells in the pulp were very Jew in those areas in which 
the cytoplasmic reticulum was present — it appealed to be undergoing severe 
degenerative changes and necrosis with karyorrhexis.” 

j Effects on isolated organs. The effect of gramicidin, tyrocidine and tyrothricin 
was investigated in the isolated rabbit’s intestine and the isolated frog heart. 
The pH of all solutions was between 7.4-7.G. Locke’s solution was used for the 
experiments on isolated intestine and Ringer’s solution for the Straub heart. 

In the isolated rabbit’s intestine tyrocidine in doses of G.4 mgm. per 100 cc. 
of Locke’s solution produced a marked contraction whereas similar doses of 
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Fig 1. Action of Gramicidin and Tyrocidine on Isolated Rabbit Intestine 
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gramicidin had no effect. This action was reversible since upon removal of the 
tyrocidine the intestine returned to normal within 15 minutes (fig. 1). 

When tested in the isolated (Straub) frog heart, tyrocidine proved again to 
be the most active of the 3 preparations. The addition of 32 micrograms of 
tyrocidine suspended in frog ringer decreased both the rate and amplitude of 
the ventricular beat, and the heart finally stopped midway between systole and 
diastole (fig. 2). A similar effect was produced with a dose of 204 micrograms 
of gramicidin. 

Blood pressure and respiration. The action of gramicidin, tyrocidine and 
tyrothricin upon the blood pressure and respiration was determined in cats and 
rabbits anesthetized with urethane; the usual methods of manometric recording 
and cann illation of the carotid artery were employed. Injections of the above 
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agents suspended in saline were made into the jugular vein and the blood pres- 
sure, respiratory rate and respiratory volume were recorded. All injections 
were made slowly, averaging approximately one cc. per minute. In most 
animals gramicidin, tyrocidine and tyrothriein produced a marked fall in blood 
pressure after the second or third consecutive injection of 1 mgm. per kilogram 
or more (fig. 3), while single injections, even of large amounts, frequently had 
no such effect. Some cats tolerated large doses before a drop in blood pressure 
was observed. In small doses tyrocidine depressed the respiration somewhat 
whereas comparable doses of gramicidin did not. With lethal doses of tyrocidine 
the respiration became irregular and stopped shortly before, or simultaneously 
with, the terminal fall of blood pressure and standstill of the heart. 

Local effects on shm and mucous membranes. The clinical application of gra- 
micidin and tyrothriein to mucous membranes led us to study their possible 
irritating properties on such tissues. This was done by instilling saline suspen- 
sions of both preparations into the conjunctival sacs of albino rabbits or by 
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Fig. 2. Effect of Gramicidin and Tyrocidine (Graminic Acid) on the Isolated Frog 

Heart 

injecting 0.1 cc. subcutaneously or intradermally into the shaved abdomen of 
guinea pigs. No evidence of irritation was observed if concentrations of 500 
micrograms per cc. of saline were applied to the cornea for 120 minutes. How- 
ever, when the dry material was dusted into the eye sac there was marked irrita- 
tion, characterized by edema and inflammation of the conjunctiva followed by 
a cloudiness of the cornea. These signs were still present 24 hours after installa- 
tion. Application of an inert powder (barium sulfate) in a similar manner did 
not produce such an effect. The subcutaneous or intradermal injections pro- 
duced local nodules which remained unabsorbed over a period of 5-6 weeks. 

Discussion. The foregoing data indicate that gramicidin and tyrothriein 
are more toxic than tyrocidine when injected intravenously and intrapcritoneally 
in mice and rats, whereas none of the preparations is toxic upon single or repeated 
administration by mouth. The impossibility of preparing true aqueous solu- 
tions in these studies is a definite disadvantage and makes the interpretation of 
of data difficult. This is particularly true in experiments. in which intravenous 
administration is employed, for then physical factors such as particle size maj 
influence the results. 


GRAMICIDIN, TYROCIDINE AND TYROTHRICIN 


- 81 

The physical properties of gramicidin and tyroeidine limit their application to 
infections in which local therapy can be employed. In this connection the 
absence of irritating properties even of fairly concentrated suspensions of these 
agents is a definite advantage over other antiseptics and ma3 r extend the scope 
of their application. Although the toxicity of gramicidin and tyrothricin is 
considerably greater than that of most agents of the sulfanilamide group, the 
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Fin 3. Errcc-T or Tyrocidine (Graminic Acid) upon Blood Pressure, Respiration and 
Leg Volume in a Male Cat 4.0 Kcm. Bodyweight 


extraordinary bacteriostatic activity of these compounds would seem to afford 
a large margin of safety. 

Pharmacologically and toxicologically these compounds have no pronounced 
specific properties. They lower the arterial blood pressure, possibly because of 
peripheral vasodilatation, and depress the respiration. Death in acute experi- 
ments is probably due to icspiratory failure, since the heart action continues for 
some time after the respiration has stopped. Repeated administration of toxic 
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doses causes degenerative changes in almost all internal organs and marked 
changes in the blood picture. 

In view of the insolubility of these agents it is not unlikely that the effects 
observed are not caused by a specific pharmacodynamic action, but rather are 
due to non-specific physical or physico-chemical properties. It is therefore 
doubtful whether the toxicological results reported in this paper have a direct 
bearing on the clinical use of these compounds, except that application to deep 
lacerated wounds might approach the experimental conditions present in intra- 
venous injection. Caution might therefore be in order whenever rapid and 
direct absorption of these agents into the bloodstream is likely to occur. 

SUMMARY 

1. The acute, peroral, intraperitoneal and intravenous toxicity of tyrothricin, 
gramicidin and tyrocidine was determined in mice and rats. None of the 
compounds was toxic when given by mouth. Upon parenteral administration 
all proved definitely toxic, gramicidin and tyrothricin considerably more so 
than tyrocidine. 

2. Daily parenteral administration of 2 mgm. of gramicidin or tyrothricin 
per kilogram to dogs caused death within 2-8 days. During this period the 
dogs lost their appetite and weight and secreted excessive amounts of saliva. 
Their red blood counts dropped in some cases from 6,000,000 to 3,500,000 
per c.mm. 

3. In isolated organs as well as in situ, tyrocidine produced greater pharmaco- 
logical changes than tyrothricin or gramicidin, possibly due to its greater solu- 
bility in water. 

4. None of the drugs has a pronounced specific effect on the respiratory or 
circulatory system. Large single doses are usually tolerated without any 
marked effect, while repeated administrations even of small doses cause a fall 
of blood pressure and impairment of respiration. With lethal doses the respira- 
tion stops shortly before the heart. 

5. Concentrations of gramicidin suspensions up to 0.5 per cent are not irri- 
tating upon instillation into the conjunctival sacs of rabbits. However, appli- 
cation of the dried material produces marked conjunctival irritation and a 
long-persisting opaqueness of the cornea. When injected subcutaneously or 
intradermally the preparations remain unabsorbed for a long period of time. 
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Previous investigators (1, 2, 3) have found that intravenous injection of 
the tinctures of strophanthus or digitalis, or the proprietary digifoline (Ciba), 
brings about an increase in portal venous pressure in dogs anesthetized with 
morphine and ether. Portal pressure elevation has also been reported (4) 
following very large doses of digitalis in animals under barbiturate anesthesia. 
Evidence has been presented which indicates that the observed rise in portal 
pressure is due to obstruction to venous blood flow through and from the 
liver, which has been called the hepatic sluice mechanism. It has been pro- 
posed (3) that the therapeutic action of digitalis depends primarily upon its 
effect upon the hepatic sluice mechanism. 

There are reasons for doubting that the latter suggestion is correct, an 
important consideration being that the hepatic enlargement and ascites in 
cardiac decompensation in man are not increased by digitalis, as they would 
presumably be if digitalis produced an increase in portal pressure. Rather 
it is known that the reverse processes occur. Furthermore it is known (5) 
that in cardiac decompensation in man intravenous injection of suitable 
doses of pure digitalis glycosides increases cardiac output by from 25 to 40 
per cent within thirty minutes after administration, as measured with the 
Roentgen kymograph technique. Likewise it is known (6) that doses of 
digitalis bodies, within the therapeutic range, increase myocardial work 
capacity. 

Nevertheless a further study of the conditions under which a portal pres- 
sure rise can be obtained with digitalis seemed necessary because 6Uch an 
effect would be important even if it were solely a manifestation of toxic 
doses. Experiments were therefore designed to ascertain the minimum dose 
producing the effect. Dogs under nembutal were employed for these experi- 
ments and virtually negative results were obtained when pure glycosides 
were used. No consistent elevation of portal venous pressure was observed 
with doses in the therapeutic ranges of any crystalline glycoside used, although 
the tincture of digitalis and the partially purified material digifoline did exhibit 
an inconstant effect. Because of the difference between these findings and 

1 Aided by Technical Assistance, Project No. 65-1-71-140, Sub-Project 235 W.P.A. 
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doses causes degenerative changes in almost t 
changes in the blood picture. 

In view of the insolubility of these agents it 
observed are not caused by a specific pharmacc 
due to non-specific physical or physico-chemi 
doubtful whether the toxicological results repoi 
bearing on the clinical use of these compounds, 
lacerated wounds might approach the experimei 
venous injection. Caution might therefore be 
direct absorption of these agents into the bloodst: 


SUMMARY 

1. The acute, peroral, intraperitoneal and inti 

gramicidin and tyrocidine was determined in 
compounds was toxic when given bj r mouth. T 
all proved definitely toxic, gramicidin and tyi 
than tyrocidine. I 

2. Daily parenteral administration of 2 mgr 

per kilogram to dogs caused death within 2 -8; 
dogs lost their appetite and weight and secret 
Their red blood counts dropped in some casf 
per c.mm. I- 

3. In isolated organs as well as in situ, tyrocir 
logical changes than tyrothricin or gramicidin,! 
bility in water. 

4. None of the dings has a pronounced sp<| 

circulatory system. Large single doses arel -. 
marked effect, while repeated administrations 
of blood pressure and impairment of respiratiq ; 
tion stops shortly before the heart. I ■ j 

5. Concentrations of gramicidin suspension * 
tating upon instillation into the conjunctival 
cation of the dried material produces mar^ 
long-persisting opaqueness of the cornea, 
intradermally the preparations remain unabi 
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Previous investigators (1, 2 , 3) have found that intravenous injection of 
the tinctures of strophanthus or digitalis, or the proprietary digifoline (Ciba), 
brings about an increase in portal venous pressure in dogs anesthetized with 
morphine and ether. Portal pressure elevation has also been reported (4) 
following very large doses of digitalis in animals under barbiturate anesthesia. 
Evidence has been presented which indicates that the observed rise in portal 
pressure is due to obstruction to venous blood flow through and from the 
liver, winch has been called the hepatic sluice mechanism. It has been pro- 
posed (3) that the therapeutic action of digitalis depends primarily upon its 
effect upon the hepatic sluice mechanism. 

There are reasons for doubting that the latter suggestion is correct, an 
important consideration being that the hepatic enlargement and ascites in 
cardiac decompensation in man are not increased by digitalis, as they would 
presumably be if digitalis produced an increase in portal pressure. Rather 
it is known that the reverse processes occur. Furthermore it is known (5) 
that in cardiac decompensation in man intravenous injection of suitable 
doses of pure digitalis glycosides increases cardiac output by from 25 to 40 
per cent within thirty minutes after administration, as measured with the 
Roentgen kymograph technique. Likewise it is known (6) that doses of 
digitalis bodies, within the therapeutic range, increase myocardial work 
capacity. 

Nevertheless a further study of the conditions under which a portal pres- 
sure rise can be obtained with digitalis seemed necessary because such an 
effect would be important even if it w r ere solely a manifestation of toxic 
doses. Experiments were therefore designed to ascertain the minimum dose 
producing the effect. Dogs under nembutal were employed for these experi- 
ments and virtually negative results were obtained when pure glycosides 
were used. No consistent elevation of portal venous pressure was observed 
with doses in the therapeutic ranges of any crystalline glycoside used, although 
the tincture of digitalis and the partially purified material digifoline did exhibit 
an inconstant effect. Because of the difference between these findings and 

1 Aided by Technical Assistance, Project No. 65-1-71-140, Sub-Project 235 W.P.A. 
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those of others, we have re-hivestigated the problem, with particular reference 
to the anesthetic agent and the digitalis body employed. 

Methods. Dogs were anesthetized either with nembutal (35-10 mgm. per kgm.) 
given intraperi toneally, or with morphine (20 mgm. per kgm.) subcutaneously supple- 
mented with ether inhalation. Carotid, portal and right atrial pressures were recorded 
by optical manometric methods , Glass cannulae were inserted into the splenic vein 
directed toward the portal vein, into the right atrium through the jugular vein, and into 
the carotid artery. Connections were made to Gibson glass spoon manometers, as 
described by Kubicek, Sedgwick, and Visscher (7), by means of rigid tubing, mainly 
lead, connected to glass with heavy fibre tubing. The arterial manometer system was 
filled with 4 per cent sodium citrate solution, and the venous manometer systems were 
filled with isotonic saline solution containing 0.01 per cent heparin (Hynson, Westcott, 
and Dunning) to prevent clotting. Three-way stopcocks in the venous manometer 
systems permitted easy flushing under pressure with one to two cc. of the heparin-saline 
solution into the cannulae tips at intervals. The venous manometers were calibrated 
against water, and the arterial against mercury. Intravenous injections were made 
through a cannula in the femoral vein. Materials were injected by syringe into the 
rubber tubing of a burette system and flushed into the vein with 4 cc. of isotonic NaCl 
solution. 

Results. The effects of single and repeated injections of digitalis into 
33 dogs have been studied in this series of experiments. The main results are 
summarized in tables 1 and 2. Unless otherwise noted the figures given refer 
to the effects of the single initial dose of the substance under study. Changes 
in portal and right atrial pressures of less than 1.5 cm. H 2 0 in either direction 
are recorded as zero, since fluctuations of that order occur spontaneously and 
are too small to be of appreciable hemodynamic significance. Changes in 
carotid pressure of less than 4 mm. Hg are similarly treated. 

Upon inspection of table 1 it will be seen that with the exception of one 
instance with digitoxin (Digitaline Nativelle) none of the crystalline glycosides 
employed caused an increase in portal venous pressure in doses from 8 to 40 
per cent of the lethal, when the dogs were anesthetized with nembutal. The 
arterial blood pressures were ordinarily initially about 120 mm. Hg. In most 
instances the arterial pressures were elevated by the first digitalis injection 
but the further course of the arterial pressure was variable. It was noted 
that on repeated fractional doses, 8-12 per cent of the lethal, at 10 minute 
intervals, the portal pressure tended to fall until 50 to 90 per cent of the lethal 
amount was injected, when the portal pressure ordinarily rose. The pre- 
lethal rise in portal venous pressure was the most consistent finding in the 
series of experiments under nembutal, in confirmation of Gold and Cattell (4). 

When morphine and ether were employed for anesthesia an elevation in 
portal pressure was found with ouabain and lanatoside C, in doses which did 
not produce such an effect under nembutal. However the tension rise was 
transient. In every case in which less than 25 per cent of the lethal dose was 
injected the portal venous pressure had returned to (usually below) the pre- 
injection level with 20 minutes. 
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TABLE 1 

Pressure changes on administration of crystalline glycosides 


NUMBER 

or 

EXPERI- 

MENTS* 

OLTCOSIDE 

DOSE*. 
PER CENT 
LETHAL 

ANESTHETIC AGENT 

PORTAL 

PRESSURE 

CHANOEf 

ATRIAL 

PRESSURE 

CHANCE 

CAROTID 

PRESSURE 

CHANOEt 

1 

Digi toxin 

8 

Nembutal 

cm. HtO 

+3 

cm. HtO 

0 

mm. II g 

+6 

2 

Digi toxin 

8 

Nembutal 

0 

0 

+15 

3 

Digitoxin 

sot 

Nembutal 

-3 

0 

+7 

1 

Ouabain 

s 

Nembutal 

0 

0 

+4 

1 

Ouabain 

sot 

Nembutal 

+3 

0 

+12 

2 

Ouabain 

22 

Morphine ether 

+4 

0 

+12 

2 

Ouabain 

44 1 

Morphine ether 

4-15 

0 

+55 

1 

Lanatoside B 

8 

Nembutal 

0 

0 

+4 

1 

Lanatoside B 

70 1 

Nembutal 

0 

1! 

-30 

7 

Lanatoside C 

8 

Nembutal 

0 

II 

+11 

1 

Lanatoside C 

23 

Nembutal 

0 

+2 

+11 

9 

Lanadosidc C 

40t 

Nembutal 

0 

ii 

-4 

7 

Lanatoside C 

sot 

Nembutal 

+4 

ii 

-25 

1 

Lanatoside C 

22§ 

Morphine ether 

-3 

0 

+5 

1 

Lanatoside C 

22H 

Morphine ether 

+10 

II 

+65 


• Except where otherwise indicated the doses shown were the first injections into 
individual animals. 

t Mean maximal change where the number of experiments was 2 or more, 
t Fractional doses in dogs given only 1 type of glycoside. 

5 Following 22 per cent of the lethal dose of Ouabain. 

II Following 44 per cent of the lethal dose of Ouabain. 

|| Not recorded. 


TABLE 2 


Afcon pressure changes on administration of tincture of digitalis and digifoline 


NUMBER 

EXPERT. 

MENTIS 

DBUO 

DOSE, 
PER CENT 

ANESTHETIC AGENT 

PORTAL 

PRESSURE 

CHANGES 

PRESSURE 

CHANOES 

CAROTID 

PRESSURE 

CHANQES 





cm. II iO 

cm. HtO 

mm. Ha 

1 

Tincture 

22 

Nembutal 

0 

0 

-10 

1 

Tincture 

45 

Nembutal 

+ 10 

0 

+18 

2 

Tincture 

20 

Morphine-ether 

+8 

0 

+20 

6 

Digifoline 

S 

Nembutal 

+ 3* 

0 

+4 

7 

Digifoline 

19 

Nembutal 

+2t 

0 

+15 


* 1 dog showed change less than 1 cm. HiO. 
t 4 dogs showed changes less than 1 cm. H t O. 


Table 2 presents the observed data concerning tincture of digitalis and 
digifoline. In marked contrast to the crystalline glycosides, these materials 
produce portal pressure elevation in a majority of instances, even in dogs 
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anesthetized with nembutal. In confirmation of previous investigators we 
find the tincture of digitalis produces a marked, though transient portal 
pressure rise when 30 per cent of the lethal dose is administered under ether. 

During the course of these studies it was noted that Hynson, Westcott and 
Dunning heparin regularly produced a transient rise in portal pressure when 
injected in amount (20 mgm. per kgm., 5 units per mgm.) adequate to render 
blood incoagulable. Connaught heparin did not exhibit this property when 
comparable or larger anticoagulant doses (0.3 cc per kgm., 1000 units per cc.) 
were injected. Because the more active material (Connaught) had no portal 
pressure effect the basis of the reaction to the other commercial preparation 
was not investigated further. Heparinization with material from either 
source was not found to influence the portal pressure reaction to digitalis 
bodies. 

Discussion. The portal pressure increase which others have observed 
following digitalis body injection and ascribed to constriction of hepatic 
vessels, could exert a profound hemodynamic effect upon the heart and 
circulation under appropriate circumstances. However, in order to permit 
the conclusion that digitalis bodies generally act therapeutically through 
constriction of the hepatic sluice mechanism it would be necessary to have 
proof: (I) That all cardio-active glycosides have such an effect in therapeutic 
doses, and (2) that the effect persists long enough to “unload” the heart 
effectively. 

The evidence presented in this paper is against both of these points. First, 
we have shown that none of four crystalline glycosides studied possesses the 
property of consistently elevating portal venous pressure in barbitalized dogs, 
under circumstances in which the tincture of digitalis and digifoline do produce 
such an effect. The barbiturates are not known to interfere with the thera- 
peutic action of digitalis glycosides. Their therapeutic effects have been 
studied under various barbiturates (6). Further, it is known (8) that the 
toxicity of digitalis bodies both for cats and dogs is greater under ether than 
under nembutal, the difference being approximately 50 per cent. It is not 
impossible that the increased sensitivity to digitalis under ether is due to a 
greater peripheral vascular effect of digitalis bodies in toxic doses in etherized 
animals. It should be noted that the lethal dose of at least one digitalis 
. glycoside, lanatoside C, for the dog is identical under nembutal anesthesia 
and in the unanesthetized state (8). There is, therefore, some evidence that 
the barbitalized animal approximates the normal unanesthetized state more 
closely with respect to digitalis action than does the etherized animal. 

As for the second point, even if for the moment one ignores the fact that 
under the influence of barbiturates the effect is not seen at all with crystalline 
glycosides, one can consider the cases in which there is evidence of hepatic 
vascular constriction. Digifoline produced a rise in portal pressure with 
doses between 8 and 19 per cent of lethal, that is, in doses of therapeutic 
importance, in 8 of 13 trials. However, neither with digifoline or the tincture 



PORTAL EFFECTS OF DIGITALIS 


B7 


under nembutal, nor with any drug under ether, was the duration of the portal 
pressure rise greater than 20 minutes when the dose injected was less than 
25 per cent of the lethal. The average duration of the rise in portal pressure 
was less than 10 minutes. Furthermore the long-time trend of portal pressure 
is a slight decrease rather than an increase until 50 to 90 per cent of the lethal 
amount has been injected. It is difficult to comprehend a mechanism which, 
by taking a small load off the heart for 20 minutes, would set in motion proc- 
esses which would rapidly reverse the phenonema of heart failure over a 
period of days thereafter. It is our opinion that the short duration of the 
rise in portal pressure renders extremely unlikely the possibility that it 
reflects an action (hepatic sluice closure) of primary importance to the thera- 
peutic action of digitalis, which is characterized by the great duration of its 
action. It is more likely that the portal pressure effect, when it occurs, is a 
side reaction of the drug, of no importance to the main therapeutic effect 
upon the heart (6). 


conclusions 

1. The effects of several digitalis bodies upon portal venous pressure have 
been studied in the dog in relation to type of anesthesia and dose of drug. 

2. Intravenous injection of the crystalline glycosides, digitoxin, ouabain, 
lanatoside B and lanatoside C produced an elevation in portal venous pres- 
sure in doses from 8 to 44 per cent of lethal in only I instance in 23 trials, 
in barbitalized dogs. Under morphine and ether such an effect occurred in 
5 out of 6 trials. 

3. Tincture of Digitalis purpurea and digifoline (Ciba) produced portal 
pressure rises in 6 of 15 barbitalized dogs. The previously reported portal 
pressure rise in morphine-ether anesthetized dogs produced by tincture of 
digitalis has been confirmed. 

4. The duration of the portal venous pressure rise produced by doses of 
digitalis bodies, 25 per cent or less of the lethal dose, was never greater than 
20 minutes, under the conditions of these experiments. 

5. It is pointed out that the facts presented concerning the elevation in 
portal venous pressure by cardiac glycosides are not consistent with the view 
that portal stasis is an essential element in the mechanism of digitalis action. 

REFERENCES 

(1) Schmid: Arch. ges. Physiol., 126: 165, 1909. 

(2) Tainter and Dock: J. Clin. Invest., 8: 485, 1930. 

(3) Katz, Rodbard, Friend, and Rottersman: This Journal, 62: 1, 1938. 

(4) Gold and Cattell: Arch. Int. Med., 66 : 263, 1940. 

(5) LaDue: Unpublished data from this laboratory, 

(6) Peters and Visscher: Amer. Heart Journ. 11: 273, 1930. 

Moe and Visscher: Tms Journal, 64: 65, 1938. 

(7) Kubicek, Sedgwick and Visscher: Rev. Sci. Instr., 12: 101, 1941. 

(8) Kaplan and Visscher: This Journal, 70: 228, 1940. 



90 


F. E. SBIDEMAN AND M, H, SEE VERS 


^ >en morphine is added to normal minced muscle in vitro the oxygen 
consumption is increased. Observations were made to determine whether a 
similar effect could be obtained with muscle from chronically morphinized 
rats. The results are presented in table 1. Added morphine produces an 
absolute mcrease in oxygen uptake which is quantitatively similar to that 



Fig. X. Oxygen Consumption of Minced Skeletal Muscle of Normal Rats and 
Chronically Morphinized Rats at Various Intervals during Withdrawal 
Each unfilled circle represents Qoj on muscle from one animal 

which occurs in normal muscle even though the percentage increase is smaller 
due to the greater Q 0j of the chronically morphinized muscle. 

In order to establish preliminary data which might serve as a point of 
departure for the subsequent identification of the oxidative systems involved 
during chronic morphine poisoning, the action of two commonly used in- 
hibitors, malonate and azide, has been determined. 
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The addition of 0.02 M malonntc produces about the same percentage 
inhibition of oxygen uptake of both chronically morphinized and normal 
muscle (table 2). As a result the absolute reduction of oxygen consumption 
is greater in chronically morphinized muscle since the initial rate of oxygen 
consumption is higher. 


TABLE 1 

Increased oxygen utilization of minced skeletal muscle from normal and chronically 
morphinized rats resulting from the addition of 0.1 S per cent morphine 



TIME AFTER LA*T 
uowmoi 

NUMBER OF 
mutu 

MEAN 

NEAX mobfiii.se 
EFFECT 

Normal 


42 

1.57 

+0.58 

Chronically mor- 

1 hour 

4 

2.20 

+0.43 

ph'mized 

21 hours 

15 

2.27 

+0.40 


4S hours 

G 1 

3 03 1 

+0.30 


72 hours 

8 

3.20 

+0.68 


9G hours 

2 

2.13 

+0.00 


6 dayB 

4 

2.34 

+0.42 


12 days 

1 

1.98 

+0.00 


TABLE 2 


Effect of malonate and azide on the oxygen consumption of minced skeletal muscle from 
normal and chronically morphinized rats 


umrerroB 

CONDITIO* OF 
ANUIAIA 

VOIDER or 
ANIMALS 

TIME AFTER LAST 
injection 

mean Q 0l 

MEAN 

INHIBITION 

MEAN FEB. 
CENT AGE 

iNtnnmoM 


Normal 

5 


1.5S 

-0.79 

-50 


Chronically 

2 

1 hour 

2.25 

-1.24 

-55 

Sodium malon- 

morphinized 

5 

24 hours 

2.19 

-1.31 

-GO 

ate (0.02 M) 

■ 

2 

48 hours 

3.33 

-2.24 

-66 



2 

72 hours 

3.76 

-2.25 



- 

2 


2.14 

-1.28 

Hi 



1 

12 days 

■ 1 .03 

-1.28 

-65 


Normal 

4 


1.2G 

+0.07 









(001 M) 

Chronically 

6 

1 hour 

2.07 

-0.79 

-38 

■ _ 

morphinized 

6 

6 days 

2.20 

-0.70 

-31 


The oxygen uptake of a normal muscle mince is not altered significantly by 
the addition of 0.01 M sodium azide (table 2). On the other hand, this com- 
pound produces a 30 to 40 per cent reduction in the oxygen uptake of chronic, 
ally morphinized muscle so that the final values for Q 0 , now He within the 
range found for normal muscle. 
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A few experiments were conducted with D-140 (Amethyl-.f phenyl- 
piperidine, carbonic acid ethyl ester), 2 a compound which is stated to have a 
spasmolytic action on smooth and skeletal muscle. In the concentration 
used (0.12 per cent), it reduces the oxygen uptake of both normal and chron- 
ically morphinized muscle. These results are somewhat similar to those 
obtained with malonate. 

Barbour, Hunter and Richey (4) reported an increased hydration of the 
blood during morphine withdrawal and state that a similar condition probably 
obtains in tissues in general. Even though such were the case it would not 
affect the significance of the results presented here since the Q 0j is expressed on 
a basis of dry weight. The data presented in table 3 indicate that no sig- 
nificant change in water content of skeletal muscle occurred in these animals 
during withdrawal. 


TABLE 3 


Water content of skeletal muscle of normal and chronically morphinized rats 



nouns op 

WITHDRAWAL 

NUltBEB OP 
ANUIALS 

WATER CONTENT 

Mean 

Range 




per cent 

per cent 

Normal rats 


42 

75.8 

71.9-77.7 

Chronically mor- 

1 

8 

■KgSpI 

74.7-78.3 

phinized rats 

24 

15 


70.8-77.7 


48 

10 

■ 

73.6-76.9 


72 

10 


74.1-76.8 


96 



74.4-76.9 


144 



74.0-75.3 


12 days 





Discussion. The results presented here represent clear-cut evidence that a 
fundamental change in functional activity occurs in certain tissues during 
chronic morphine poisoning which is demonstrable even after these tissues 
have been isolated from their humoral and nervous connections. Whereas 
the full significance of this observation and its relation to addiction is not 
entirely apparent at the present time, it w'ould seem to be more than a coin- 
cidence that a curve which represents the increase in oxidative metabolism of 
skeletal muscle of the chronically morphinized rat during withdrawal should 
parallel almost exactly in its time relationships one representing the intensity 
of the abstinence syndrome in the dog (5, 6), monkey (7, 8), and man (3). 

These results support in a general way a working hypothesis which we 
outlined in an earlier paper (1). It is visualized that morphine exerts a 
sustained and reasonably uniform accelerating action on oxidations in skeletal 

i Alba Pharmaceutical Company. Furnished through the courtesy of 0. W. Barlow. 
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muscle throughout the course of addiction, but that during maintenance this 
effect is not detected by changes in bodily functions since the depressant action 
of the drug on the brain masks this peripheral effect. The specific evidence 
which lends the greatest support for this concept is the result obtained on 
chronically morphinized muscle taken one hour after the last dose of morphine. 
Whereas it must be admitted that no final conclusion is warranted until 
these results are confirmed, since the number of animals is quite small, the 
mean Q 0j of muscle at the one-hour-period is considerably higher than that 
obtained on normal muscle. 

It is quite obvious that the curve shown here, which represents the rate of 
oxidations in skeletal muscle during withdrawal, would not parallel a curve 
which could be drawn representing the detoxication or elimination of mor- 
phine from the tissues of the same animal over an identical time period. As 
a matter of fact, a major portion of the drug present in the body at the time 
of withdrawal would have been eliminated by the seventy-second hour, at 
which time the rate of oxygen uptake in chronically morphinized muscle is 
still near the peak of the curve. If the increase in oxygen uptake which occurs 
when morphine is added to normal muscle in acute experiments bears any 
connection to the increase in oxygen uptake above the normal level which 
occurs uniformly in chronically morphinized muscle during withdrawal, the 
exact relationship is not clarified by the foregoing facts. Nor is it easy to 
understand why the addition of morphine in acute experiments produces the 
same absolute increase in oxygen utilization in chronically morphinized as 
in normal muscle even though the initial Q 0 , of morphinized muscle is nearly 
twice as great. This latter observation might suggest that in both instances 
the excess oxygen utilization was due to the oxidation of morphine itself, 
a concept which we can neither prove nor entirely disprove at this time. 
The meager evidence which is available at this time indicates that such is not 
the case. It is hard to conceive of the increased Qo, of chronically mor- 
phinized muscle as being due to the oxidation of morphine already present 
in tissues since it increases and remains high as the morphine content of the 
tissues diminishes. 

Stannard (9) has presented evidence which indicates that azide has ’ a 
definitive inhibitory action on what he terms activity metabolism, although it 
does not affect resting metabolism. If this view is correct, then the increased 
oxygen uptake of chronically morphinized muscle must be related to activity 
since a concentration of azide which is without effect on normal muscle reduces 
the oxygen utilization of chronically morphinized muscle until the final 
Qo, falls into the range obtained for normal muscle. 

Whereas an azide-sensitive system which is not active in normal resting 
muscle appears in chronically morphinized muscle, the data available indicate 
that the activity of the malonate-sensitive fraction of respiration is increased 
in proportion to the increase in total respiration. Thus malonate produces 



94 


F. E. SHIDEMAN AND M. H. SEEVERS 


a greater absolute inhibition in chronically morphinized than in normal 
muscle, yet the percentile inhibition is the same. It appears, therefore, as if 
the malonate-sensitive fraction of respiration is affected quantitatively but 
not qualitatively by chronic morphine poisoning. 

SUMMARY 

The rate of oxygen consumption of minced skeletal muscle from normal 
rats has been determined and compared with similar data from chronically 
morphinized rats sacrificed at 24 hour intervals during the first week of 
withdrawal. 

The mean Q 0j of chronically morphinized muscle from 56 animals calculated 
without regard to time of withdrawal was Cl per cent greater than the corre- 
sponding value for 44 normal rats. The rate of oxygen consumption was 
greater than normal even one hour after the last dose of morphine and in- 
creased rapidly during the first forty-eight hours until at this period it was 
double the normal level. This high rate persisted until the 96th hour, then 
gradually subsided but remained above the normal mean at the sixth day. 
A curve representing these levels of oxygen utilization during the first week 
of withdrawal parallels almost exactly in its time relationships one representing 
the intensity of the abstinence syndrome. 

The addition of morphine produced an increase in oxygen uptake which 
was the same in chronically morphinized as in normal muscle regardless of 
the existing level of metabolism. 

Azide, in a concentration which has no significant effect on normal muscle, 
abolished the increment in oxygen uptake which results from chronic mor- 
phine poisoning. 

Since malonate produced the same percentage inhibition in chronically 
morphinized as in normal muscle, irrespective of the level of oxygen con- 
sumption, it appears as if the malonate-sensitive fraction of respiration is 
affected quantitatively rather than qualitatively by chronic morphine 
poisoning. 

The authors are indebted to James K. Theisen for assistance in this study. 
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Among the antiseptics in common use, several organic aryl derivatives of 
mercury are prominent. The alkyl derivatives of mercury, on the other hand, 
have been almost completely neglected in the many published studies of anti- 
sepsis. Many of these substances are well known to chemists. That they 
would have bactericidal properties seemed highly probable. 

A careful search of the literature revealed that apparently the only published 
study of the in vivo bactericidal action of this type of mercurial was that of Bass 
(1) who found that the skin-sterilizing power of n-propylmercuric chloride was 
greater than that of several other common antiseptics. The present paper de- 
scribes the results of a Bimilar careful comparison of several simple alkylmercuric 
chlorides. As the n-propyl derivative is included, these results can be compared 
directly with those obtained by Bass. 

Experimental. The compounds studied were prepared in this laboratory by 
well-known methods: the methyl- and ethylmercuric halides from the cor- 
responding dialkylmercury (2), the higher derivatives through the corresponding 
Grignard reagent (3). The products were obtained pure by two or three re- 
crystallizations from ethanol. The test solutions were prepared by dissolving 
the crystalline mercurial in 95 per cent ethanol and diluting to the desired con- 
centration. It is somewhat easier first to dissolve the substances in a small 
volume of acetone and then to dilute with alcohol and water. 

The comparisons of the skin-sterilizing powers of these substances were made 
by the in vivo “skin-graft” technique using rabbit skin as described by Bass (1). 
Special care was taken to test for bacteriostatic action. The results are sum- 
marized in table 1. 

Discussion. The data show that all solutions of 0.0036 molar concentration 
in 70 per cent ethanol produced a high percentage of sterilization. The differ- 
ences between these figures are not significant. The data for the more dilute 
solutions show that the use of 25 per cent ethanol almost eliminated the steriliza- 
tion factor due to the solvent. The fact that the per cent sterile is about the same 

1 The funds for carrying out this work were kindly given to ua by the MalUnckrodt Chem- 
cal Works. 
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for the 0.0036 molar (1:1000) propylmercuric chloride in the two solvents indi- 
cates that there is a considerable overlapping of the action of the solute and the 
70 per cent ethanol. That the higher concentration of the solute should be 
more effective was to be expected; experimentally, it has been shown by Smith, 
Czametzky and Mudd (4) that the effectiveness of various mercurials against 
microorganisms is directly proportional to the amounts of mercury present rela- 
tive to the numbers of the bacteria and/or the amounts of protein. Since in our 
experiments the several alkylmercuric chlorides were made up in equimolar solu- 


TABLE 1 


ALKYL-MERCCRIC 

M.P., COR- 

SOLVENT 

(etha- . 

CONCEN- ; 

TRATION 

(MOLAR) 

NUMBER 

medicated 

SKIN SNIPS 

STANDARD OP 
COMPARISON* 


CHLORIDE 

RECTED 

NOL~ 

TVATEB) 

. . . 

RABBITS 

Total , 
number 

1 Per 
| cent ' 
sterile 

Total , 
Dumber 

| Per 
cent 
sterile 

ENCEf 

Methyl- 

°C. 

174-5 

per cent 

25 

0.0018 

5 

m 

31.6 

00 

■ 

1.6 

30.0 

Ethyl- 

195-6 

25 

0.001S 

5 

19 

33.0 

60 

1.6 

31.4 

n-Propyl 

144-5 

25 

0.0018 

4 

48 

41.7 

48 

0.0 

41.7 

a -Propyl- 


25 

0.0036 


84 

84.5 

84 

1.2 

83.3 

Methyl 


70 

0.0036 


72 

91.7 

! 72 

50.0 

41.7 

Ethyl- 1 


70 

0.0036 


72 

83.3 

72 

47.2 

36.1 

n-Propyl- 


70 

0.0036 


| 48 

81.3 

48 

27.1 

51.2 

n-Butyl- 

128-9 

70 

0.0036 


48 

93.7 

4S 

47.9 

45.8 

n-Amyl- 

127-8 

70 

0.0036 

ISIS 

84 

97.6 

84 

46.4 

51.2 

n-Heptyl- 


70 

0.0036 

il 

47 

87.2 

47 

34.2 

53.0 


* In each case the standard of comparison was the same as the solvent for the antiseptic. 

t The figures in the column headed "Difference” represent the per cent sterile of the 
medicated skin snips, minus the per cent sterile of the skin snips treated with the control 
solutions. 

From each rabbit three pieces of untreated skin were cultured and invariably gave good 
growths. 

All “cultures” which remained clear after 48 hours incubation were inoculated with 
from 50 to 1000 organisms obtained from an untreated skin culture. All these flasks de- 
veloped good growths. Thus bacteriostasis was negligible. 

tions, any differences in effectiveness would have been attributable to differences 
in penetrating power. 

Preliminary tests with several other alkylmercury compounds were carried 
out. A number of the simple R-Ilg-Br derivatives showed definite bactericidal 
action, but as their solubilities were lower than those of the chlorides — and they 
seemed to offer no advantages — they were not studied further. A solution of 
0.034 per cent dietbylmercury in 70 per cent ethanol was ineffective. 

In consideration of the possible clinical use of these compounds for pre-opera- 
tive skin sterilization, preliminary tests were performed with the 1 : 1000 solution 
of propylmercuric chloride. In our experience the normal unbroken human skin 
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has shown no ill effects from the several times repeated daily application of the 
solution. No effort to measure directly the antiseptic’s effectiveness on human 
skin has been made. 

Favorable results have been obtained in the treatment of several cases of 
trichophytosis. Occasionally a blister has occurred, probably due to sensitivity 
of the skin in the infected area, or to the building of a high concentration of the 
mercurial by repeating the applications as the solvent evaporated. 

SUMMARY 

The compounds R-Hg-Cl , in which R is methyl, ethyl, n-propyl, n-butyl, 
n*amyl and n-heptyl, have been tested as skin disinfectants, using the in vivo 
“skin-graft” technique on rabbit skin. The 0.0036 molar solutions in 70 per cent 
ethanol all gave a high percentage of sterile skin snips. If the 0.0036 molar 
(1:1000) solution of n-propylmercuric chloride is taken as a standard, and the 
above results thus compared with those of Bass (1), it is found that solutions of 
the simple alkylmercuric chlorides are as effective as any and more effective than 
many of the commonly used antiseptic solutions when compared by this method. 
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Treatment with sulfonamide derivatives of four virus diseases has been re- 
ported; these are trachoma (1), inclusion blennorrhea (2), a (distemper-like) 
ferret virus disease (3), and lymphogranuloma venereum or lymphopathia. 
The first observations on the experimental treatment of lymphogranuloma 
venereum virus infection were those with prontosil (4) in infections of mice and 
guinea pigs. Sulfanilamide was found to retard the development of the virus 
in mice (5). This report was later substantiated by the successful treatment 
of mice with sulfapyridine (0). McKee, Rake, Grecp and van Dyke (7) con- 
cluded that sulfapyridine and sulfathiazole had an appreciable effect upon the 
virus of lymphogranuloma venereum in mice. 

That accessory growth factors arc rendered inutilizable is one of the theories 
suggested for the mode of action of the sulfonamide compounds (8, 9). Sub- 
stances antagonistic to the action of sulfanilamide were found in bacterial 
extracts (10, 11, 12). At about the same time Woods (13) proved that para 
aminobenzoic acid had a similar inhibiting effect which was believed to be due 
to interference with the metabolism of the organisms (14). Additional in- 
hibitors appearing or existing in the tissues and fluids of the body were demon- 
strated by MacLeod (15). From clinical observations on lymphogranuloma 
venereum and on blennorrhea, Stein (1G) and Thygeson (2) were of the opinion 
that the drug acted directly upon the virus. In view of these facts it seemed 
advisable to study experimentally the action of the sulfonamides on lympho- 
granuloma virus. 

By in vitro experiments we have attempted to determine the virucidal or 
inhibitory effect of chemotherapeutic substances in direct contact with the 
virus of lymphogranuloma venereum and to compare the efficacy of certain 
Bulfonamide compounds. Findlay and MncCallum, 1938 (17), attempted simi- 
lar experiments using decreasing dilutions of the virus with constant amounts 
of sulfanilamide, without success. 

Material and methods. Virus: A strain of the virus of lymphogranuloma venereum, 
B367, was obtained through the kindness of Dr.S. A.Wykoff, from the Lederle Laboratories, 
Inc. This was inoculated in successive passages intracercbrally until the strain was con- 
sistently pathogenic. The animals showed marked loss of weight, ruffled hair, humped 
back, conjunctivitis and paralysis; death resulted in five to ten days depending on the 
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amount of virus injected. In order to determine the most appropriate dilution for our 
experiments, 0.03 cc. of dilutions 1:20, 1:200 and 1:500 were inoculated intracerebrally in 
mice. After these virus dilutions had been in the refrigerator over night, other groups of 
mice were inoculated. Mice receiving 1:20 dilutions of the infected mouse brain showed 
symptoms within three. to four days, death occurring within five days; there was no ap- 
parent change in virulence of the virus upon standing for 24 hours at ice box temperature. 
The mice inoculated with the dilution 1:200 showed acute symptoms within 3 to 5 days, 
death occurring within 7 days. There was a slight decrease in virulence after standing for 
24 hours at ice box temperature. With the dilution of the virus 1 :500 the incubation period 
and the severity of the symptoms varied. Our regular passage mice were subsequently 
inoculated with dilution 1:20. After four or five days, when definite symptoms appeared, 
they were killed and a dilution of 1:200 brain emulsion was used for the experiment. Rou- 
tine cultures were made to detect bacterial contamination. 

Periodically, Frei antigens (18) were made from brain emulsions of mice showing acute 
symptoms. These antigens were tested on patients in parallel with antigen made from the 
brain of normal mice and a Frei antigen obtained from the Lederle Laboratories, Inc. Our 
virus antigen and the Lederle antigen gave parallel positive tests. The normal mouse brain 
antigen was negative. 

Mice: White mice, obtained from the Carworth Farms, Inc., 15-17 grams in weight, were 
used for the experiments. To guard against a latent virus such as that of Theiler (19) and 
Traub (20), in our stock mice, the following safeguards were employed. At various inter- 
vals 0.03 cc. of a mouse brain emulsion of a normal mouse was inoculated intracerebrally 
into three mice. Passages were made from these mice on the seventh day and carried for 
four passages. At no time was there any evidence of virus disease; the passage mice re- 
mained normal. 

Sulfonamides: The drugs employed were sodium aulfanilyl sulfanylate, sulfaguanidine, 
sulfathiazole and sulfadiazine. 

Method: To determine changes in the incubation period, the duration of symptoms and 
the percentage survival, mice were inoculated -with virus exposed to the drugs for different 
periods. Control mice were inoculated with untreated virus. Solutions of 100, 150, and 
200 mgm. in 100 cc. of hot distilled water were made of each drug. Sulfadiazine, the least 
soluble, was tested out only in 100 mgm. to 100 cc. of hot distilled water. 1 After cooling to 
room temperature, 2 cc. of each of these solutions was placed in sterile test tubes. To each 
was added 0.1 cc. of 1:10 dilution of an infected mouse brain emulsion, giving a 1:200 dilu- 
tion of the virus. The mixtures were shaken and placed in the incubator at 37 °C. for one 
hour, then kept at room temperature for one hour. Following this two hour period, 0.03 cc. 
was inoculated intracerebrally into 6 to 10 mice. The remainder of the mixtures were kept 
in the refrigerator for twenty-four hours. Thus the inoculation periods were 2, 6 and 24 
hours of virus and drug contact. 

Control mice were inoculated with the same dilutions of virus in distilled water, in- 
cubated and kept under the same conditions and inoculated at the same time. A control 
group of mice was inoculated with the drug dilutions without virus. The mice were ob- 
served for a month. 

In all experiments the technic provided for the comparison of the four drugs in the same 
experiment, on the Bame day, using the same virus passage for the dilutions so that there 
was no variation in virulence, incubation period or temperature. At various intervals, 
dead mice were autopsied. Passages of the brain emulsion into other mice were made to 

1 After cooling to room temperature the concentration, as measured by the Marshall 
method, was 200 mg. % for sodium sulfanilyl sulfanilate, 190 mg. % for sulfathiazole, 135 
mg. % for sulfaguanidine and 30 mg. % for sulfadiazine. At the end of 24 hours at ice box 
temperature, crystals of the drugs precipitated out and the concentrations were 200 mg. % 
for the sodium sulfanilyl sulfanilate, 65 mg. % for sulfathiazole, 60 mg. % for sulfaguani- 
- dine and 9.7 mg. % for sulfadiazine. 
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determine whether viru3 of lymphogranuloma venereum was present and was the only 
cause of death. 

Experiments. Sodium sulfanilyl sulfanilate: Six experiments were per* 
formed with this drug. Table 1 shows that the incubation period is somewhat 
longer in the mice inoculated with the drug-treated virus than in the control 
mice. A wider range is observed in a comparison of the average duration of 
illness, which was more than doubled after the two hour contact period and 
more than tripled after 24 hours of contact. These observations indicate that 
the virulence of the virus was attenuated by the drug. The 25 per cent survival 
of the drug-treated mice with no survivals in the controls supports the view that 
the virus w r as definitely attenuated but not completely destroyed because all the 
experimental mice showed acute symptoms of the disease with slight ameliora* 

TABLE 1 


2, 6 and £4 hours. Sodium sulfanilyl sulfanilate-exposed virus * 


CONTACT TIME 

NUMBER or MICE 

AVERAGE OATS 
INCUBATION 

AVERAGE DATS 
DURATION OT 
SYMPTOMS 

PERCENTAGE Of 
SURVIVALS 

Experimental 

Control 

hour* 







49 



7 

25 

2 


20 

' 1 

3 

0 


41 



8 

29 

6 


19 

5 

3 

14 


45 


0 

10 

49 

24 


16 

7 

3 

18 


* The incubation period was from the day of inoculation to the day symptoms of disease 
appeared. The duration of symptoms is from the day of appearance of symptoms to either 
death or recovery. 


tion in those that survived during the observation period of 30 days. The 
symptoms did not entirely disappear. 

Sulfaguanidinc: Five experiments were -performed with this drug. The ef- 
fect of sulfaguanidine is very similar to that of sodium sulfanilyl sulfanylate. 
A similar increase is observed in the incubation period and the average duration 
of illness of the drug-treated virus mice when compared with the control mice. 

Sulfathiazole: Five experiments were made with sulfathiazole. There is a 
definite increase in the average duration of illness and in the percentage survival, 
43 per cent (table 3). The recovered mice show r ed symptoms of the disease with 
gradual amelioration. 

Sulfadimine: Four experiments were performed with sulfadiazine. Attenu- 


ation of the virus was observed here also. 

There was an increased incubation 

period and the ■ ■ ■ 

* : “ ■ lrug- treated virus 

was lengthened ... • 

slight, ultimately 

disappearing/ !/ \ : : . . ‘ \ 

' . ‘ contact and very 

|(- . - - : Al’.Y. ’ 

j v )! 
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slightly more with longer contact. None of the control mice, inoculated with 
the dmg solutions without virus, showed any untoward effects from the drugs; 
they remained normal and gained weight. 

Discussion. The effect of the drugs upon the virus is shown by the pro- 
longation of the average incubation and duration of symptoms of mice inocu- 
lated with virus exposed to the drugs for various periods as compared with 
the control mice. Tables 1, 2, 3 and 4 show that following the 2-hour contact 
period, the incubation period for the control mice was 4 days as compared 

TABLE 2 . 


2, 6 and 24 hours. Sulfaguanidine-cxposcd virus 


CONTACT TIME 

L’l'MIiEU 

Experimental 

1 or MICE 

Control 

AVERAGE DAYS 
INCUBATION 

AVERAGE DAYS 
DURATION OF 
SYMPTOMS 

PERCENTAGE OF 

survivals 

hours 







32 


5 

5 

15 

2 


16 

4 

3 

0 


30 

1 

1 

6 

6 

20 

'6 


16 

3 

3 

18 


23 


8 

11 

43 

24 j 


18 

6 

3 

25 


TABLE 3 

2, G and 24 hours. Sulfathiazole-exposcd virus 


CONTACT TIME 

NUMDER 

Experimental 1 

OF MICE 

Control 1 

AVERAOE DAYS 
INCUBATION 

AVERAOE DAYS 
DURATION OF 
SYMPTOMS 

PERCENTAGE OF 
SURVIVALS 

hours 







28 


7 

10 

43 

2 


16 

4 

4 

0 


30 


7 

14 

63 

6 


16 

3 

3 

18 


23 


10 

12 

68 

24 


12 

6 

4 

25 


with 5 to 8 days for the drug treated mice. Similarly, it is found that follow- 
ing a 6-hour period the average incubation for the control mice was 4 days 
while that of the drug treated mice was G to 10 days. Following a 24 hour 
period, the average incubation for the control mice increased to 7 days, that 
for the mice inoculated with the drug treated virus was 8 to 12 days. The 
increase in the incubation period following a 24 hour contact is partly due to 
the slight loss in virulence of the virus, evidenced by the increase in the incu- 
bation time for the control mice. Animals inoculated with virus treated with 
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sulfaguanidine or sodium sulfanilyl sulfanilate only showed marked prolonga- 
tion of acute symptoms within 24 hour contact of the virus with these drugs 
(see tables 1 and 2). The average duration of symptoms in the control mice 
was 3 days; the corresponding figure for the other mice was 10 to 11 days. 
Animals inoculated with the virus treated with sulfathiazole and sulfadiazine 
showed, in most cases, slight symptoms which were markedly prolonged after 


TABLE 4 



2 HOURS 6 HOURS 24 HOURS 

Graph I 


the 2 hour contact (tables 3 and 4). While the average duration of the control 
mice was 4 days, that of the other mice was prolonged to 10 to 12 days. 

Measured by the percentage of survivals of the mice inoculated with the drug- 
treated virus (Graph I) sulfaguanidine is the least effective, resulting in 15 and 
20 per cent survivals after the 2-hour and 6-hour contact periods. Similarly, 
sodium sulfanilyl sulfanilate results in slight effect, 25 and 29 per cent after the 
first two contact periods. But after the longer period of contact, 24 hours, the 
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percentage of survivals is increased to 43 and 49 per cent. From these data 
it appears that sulfaguanidine and sodium sulfanily] sulfanylate are effective 
on either a less virulent phase of the virus, as may be surmised from the slight 
loss of virulence after 24-hour standing, or when in contact for a longer period 
of time. However, when we deducted from the percentage of survivors after 
twenty-four hours’ contact the percentage of survivors in the control, the same 
percentage of survival was found, as after 2 hours of contact (tables 1 and 2). 
Accordingly, the effect is probably produced mostly by the shorter contact, 
with little change when contact is prolonged. 

The same condition was observed in the experiments with the sulfathiazole- 
treated virus. Deducting the percentage of the control survivals, 25 per cent, 
from the survivals in the mice inoculated with the drug-treated virus, 68 per 
cent, after 24 hours of contact, an average survival of 43 per cent resulted 
(table 3). This is the same as after two hours of contact (Graph I). There 
were more survivals with sulfathiazole than with either sodium sulfanilyl 
sulfanilate or with sulfaguanidine. The most effective drug wrns sulfadiazine, 

TABLE 5 


Comparison of amount of drug used and survival after £ hours 


DRUO 

AMOUNT OP DRUG 

IN 2 CC. BOL. 

TEH CENT SURVIVAL 


mgm. 


Sulfadiazine 

0.06 

63 

Sulfathiazole 

0.38 

43 

Sodium sulfanilyl sulfanilate 

0.4 

25 

Sulfaguanidine 

0.27 

15 


The dilution of virus was the same in each instance. 


which gave a 63 per cent survival after tw r o hours of contact with little change 
thereafter (Graph I). 

Taking into consideration the amount of the drugs which w'as contained in 
the 2 cc. of the saturated solution (note 2) used in the experiments, the smallest 
amount, 0.06 mgm., was contained in the sulfadiazine solution which gave the 
' highest per cent of survival (table 5). Sulfathiazole solution contained slightly 
less drug (0.2 mgm.) than the solution of sodium sulfanilyl sulfanilate. The 
former resulted in a 43 per cent survival while the latter resulted in 25 per cent 
survival. Sulfaguanidine solution, containing 0.27 mgm., was the least effective 
drug resulting in a 15 per cent survival. 

CONCLUSION 

Direct in vitro contact of sulfonamide compounds with the virus of lympho- 
granuloma venereum reduces its virulence when subsequently tested in mice. 
There was no instance of -virucidal action but only virus attenuation or inhibi- 
tion. Sulfadiazine and sulfathiazole are most efficient in this order. Sodium 
sulfanilyl sulfanilate and sulfaguanidine are less efficient. 
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In the pursuit of another problem, we had occasion to examine sorbitol in 
hypertonic solution as a diuretic. Our initial experiments were made with a 
50 per cent solution injected intravenously. This solution not only increased 
the urine volume but also increased markedly the output of uric acid and allan- 
toin. These findings led us to study the effects of other polyhydric alcohols 
and sugars in a similar fashion; in addition, it seemed desirable to compare the 
effects of these substances with mercurial diuretics which also increase the output 
of uric acid (I). 

Female dogs with exteriorized ureters were used for these experiments. In this way we 
were able to collect the urine in hourly periods without manipulation and with the dog 
standing in a normal position. Although the urine was collected from each kidney and 
analyzed as such, since the total excretion per hour from the individual kidneys was equal 
we combined the hourly figures in order to simplify presentation of material. Results are 
expressed in cubic centimeters or milligrams per kilogram except as otherwise indicated on 
the charts. One experiment consists of three periods of one hour each. The method of 
preparing these animals and of collecting the urine has been described in detail 
elsewhere (2). 

The dogs were fed at four o’clock in the afternoon on a standard diet of 150 to 500 grams of 
meat according to the size of the animal. Two grams of salt were added to the daily diet. 
Water was allowed ad libitum. All experiments were done in the morning. All the drugs 
were injected intravenously. Water in the water diuresis experiments was given by stom- 
ach tube. The strength of the solutions varied with the solubility of the substance used. 
In the case of dulcitol, we were able to give a super-saturated solution (20 per cent) by 
maintaining the solution at body temperature until injection. All results are shown in the 
accompanying charts. 

Controls were of two kinds — without any drug, and after the injection of 15 cc. of 0.9 per 
cent sodium chloride solution. The injections used did not exceed this volume except in 
the case of rafiinose in which a few injections of 30 cc. volume were made. Injection of 30 
cc. normal salt solution produced no diuresis in one experiment. It will be seen (fig. 1), 
that the various constituents remain highly constant under the conditions of this experi- 
ment. There is a slight tendency for the three urinary constituents with which wc arc 
concerned to decrease in succeeding hours and averages show a distinct decrease. The 
chart is so plotted that the statistical validity of averages can be seen at a glance. There 
is a tendency for the urine volume to vary more in the first hour than subsequently and this 

1 We are indebted to the Abbott Company for the Sorbitol and Rafiinose used and to the 
Atlas Powder Company for the Dulcitol and Mannitol. 
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may be explained by the possibility of the animal having had water just before it was taken 
out of the cage. However, the differences that are to be discussed are sufficiently large eo 
that this variation does not matter. The excretion was the same from the two kidneys. 
It will be noted that the uric acid excretion never exceeded 0 00 mgm. per kilogram. Only 
rarely did the urine volume exceed 1 5 cc. per kilogram. 



Fig. 1. Control Data. Plotted in mgm. or cc./kcm. 

Column A is without any injection and D is after the intravenous injection of 15 cc. 
normal salt solution. 

Sorbitol solution (50 per cent) causes nearly a three-fold increase in uric acid 
excietion in the first hour (fig. 2). During this same period, 15 cc. of 50 per cent 
sucrose solution doubles the average uric acid excretion; smaller increases are 
produced by 50 per cent fructose solution and 20 per cent glycerine. Sorbitol 
in 20 per cent solution is followed by a less marked but none the less definite 
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increase in uric acid, whereas 10 per cent sucrose and 10 per cent or smaller con- 
centrations of sorbitol produce less change in uric acid excretion. 

After the first hour the action of 50 per cent sorbitol persists significantly 
though slightly. The action of fructose, glycerine, and smaller quantities of 
sorbitol and sucrose does not continue beyond the first hour. Fifteen cubic 
centimeters of 10 per cent raffinose produces a very slight increase in uric acid 
excretion in the second and third hours. This effect is more pronounced with 
30 cc. of 10 per cent raffinose and leads us to suspect that were it possible to give 
larger doses, a comparable but delayed rise would result. Fifteen cubic centi- 
meters of 50 per cent dextrose, xylose, maltose, galactose, 20 per cent dulcitol 
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Fig. 2. Prompt Effect of Uricosuric Sugars. Shows Amount of Uric Acid Excreted 
in the Three Hours after Injection of the Sugar 

and 40 per cent mannitol have no effect on the uric acid excretion for the three 
hours following their injection. 

Water, when given by mouth in quantities of 100 to 300 cc., causes a diuresis 
which lasts well into the second hour and in some experiments, into the third hour 
(fig. 3). The other substances studied produced varying degrees of diuresis 
though sucrose, sorbitol and xylose were the most efficient in this respect. It is 
noteworthy that xylose is possibly the most effective diuretic studied though it 
has no effect on uric acid excretion. In lower concentrations these substances 
were less diuretic and concentrations as low as 10 per cent were ineffective. 

We did not analyze for allantoin those urines containing sugars which on 
heating with ammoniacal copper solutions hydrolyzed and reduced the copper. 
Sorbitol, glycerine and mannitol, however, do not reduce the copper solution. 
We found that the excretion of allantoin was greatly increased by 50 per cent 
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sorbitol, slightly -increased by 20 per cent glycerine, and unaffected by smaller 
quantities of sorbitol and mannitol. 

The output of urea, total nitrogen and chloride was always proportional to 
the urinary volume. Some of these sugars reduce the alkaline picrate causing 
increased color. Therefore, although creatinine was measured on all samples, 
we can draw no conclusion from the results. 



Fio. 3. Diuretic Effects to Be Compared with Controls— Figure 1. Water Given 

by Stomach Tube, Other Substances by Intravenous Injection in Doses of 15 cc. 
of the Concentration Indicated 

It has been found that 18 hours after eating, the uric acid excretion is solely 
endogenous (3, 4). Consequently, in all our experiments, we are probably 
dealing with endogenous uric acid. 

The uric acid excretion is augmented by the injection of sorbitol, sucrose, 
fructose and glycerine. Sorbitol Seems to be the most active in this respect in 
comparison to sucrose and fructose. We though it advisable not to use glycerine 
in comparable concentrations because of possible toxicity; therefore, we cannot 
compare the intensity of its action with the others. 

It seemed possible that the increased excretion was a result of the diuresis 
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causing a washout of uric acid. On comparing the output of uric acid following 
the injection of these substances with 'the excretion during water diuresis of 
equal or greater degree, we found no change in the latter and a large increase in 
the former. 

Further evidence that the increase is not a result of the diuresis is that we have 
been able to produce an increase in uric acid by a 20 per cent solution of sorbitol 



Fio. 4. Average Uric Acid Excretion after Different Doses of Sorbitol — Time in 

Hours 

Ordinates plotted in mgm./kgm. per kidney 

which produces only a slight change in volume. Smaller concentrations of 
sorbitol and sucrose which are not diuretic do produce a small increase in uric 
acid. Since the increase in uric acid appears to be proportional to the dose it is 
likely that this is a direct effect of the drug (fig. 4). 

Simultaneous injections of sorbitol, sucrose, fructose or glycerine with 0.5 
mgm. ergotamine or 1 mgm. atropine cause no change in the increased excretion 
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of uric add. Denervation of the kidne 3 ’S produces no change in the action of 
these sugars. Mares, (3), Smetanka (5), Mendel and Stehle (G), and Abl (7), 
all found increased excretion of uric acid after the ingestion of various substances 
among which were sucrose and glycerine. These observers agree that the in- 
crease in uric acid excretion could be explained as the result of the activity of the 
digestive glands. We find that an increased excretion of uric acid can be ob- 
tained by intravenous injection of these two substances. Although we cannot 
say that the activity of the digestive glands following ingestion of sucrose and 
glycerine is not a cause of an increase in uric acid excretion, we can say that the 
activity of the digestive glands is not essential to the increase in uric acid in the 
case of sorbitol, sucrose, fructose and glycerine. In man, Thomas and Imas (8) 
have found an increased excretion of uric acid after the ingestion of pentoses; 
however, Madders and McCancc (9) were not able to verify these results. 

. There seems to be a similarity in the structure of those substances which cause 
this increased output of uric acid. In all cases, there arc two CH 2 OH groupings, 
one on each end of the carbon chain. Substances without this characteristic 
do not affect the uric acid excretion. Both mannitol and dulcitol, which have 
two CH 2 OH groups so placed and are isomers of sorbitol, do not increase uric 
acid. From this it is apparent that the optical configuration plays a role in the 
pharmacologic acitivity perhaps similar to that seen in various alkaloids in which 
one optical isomer is active and the other inert. 

We can find no direct explanation for the variations in the diuretic responses 
to these substances. It seems evident that the uricosuric action is not dependent 
upon the diuresis. Indeed, a few short-interval experiments indicate that the 
peak of the uric acid excretion comes after the diuresis has begun to subside and 
that an elevated uric acid excretion is maintained until the urinary volume has 
returned to normal (fig. 5). 

We are unable to explain the increase in allantoin excretion produced by 
sorbitol and glycerine except to point out that it supports the idea that these 
substances exert a definite action on the purine metabolism quite apart from 
their effects as diuretics. 

It is evident from the foregoing that an increase in uric acid and allantoin 
excretion is produced by the intravenous injection of certain sugars and alcohols. 
Substances having this effect have, in every case, the CHjOH group at both 
ends of the chain. So far, we have studied trihydric and hexahydric alcohols 
and certain saccharides containing this configuration. Other related substances 
do not affect purine excretion. This increase is not related to the “washing 
out" effect described by Hawk (10). It should be noted that some of these 
substances produce an increase in uric acid excretion when given by mouth. 
Mendel and other observers sought to connect this uricosuria with activity of 
the digestive glands. It is obvious that the prompt effects seen on intravenous 
injection cannot involve activity of the digestive glands. The recognized 
relationship between the liver and purine metabolism makes one suspect that 
this effect is connected with this organ. The mechanism is not at present clear. 
Renal denervation hns no effect. ■ Injections of ergotamine and atropine suf- 
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icient to block tbe sympathetic and parasympathetic do not change the effect. 
Large doses of posterior pituitary extract likewise do not alter the result. Experi- 
nents of one dog with an Eck fistula failed to show any change in the reactions 
o these substances, though of course the initial level of uric acid excretion was 
ligher. It is evident that various substances which might serve to change the 
iricosuric or diuretic reaction of these carbohydrates are ineffective. We must 
:onclude that the uricosuric action is a function of their chemical structure mod- 



Fio. 5. Relation between the Diuretic and Uricosuric Effect of Sorbitol 

fied by the optical configuration, and is distinct from the diuretic effect which is 
jresumably due to the physico-chemical effects of non-assimilablc substances in 
lypertonic solution. 

The observation that salyrgan diuresis is accompanied by an increased uric 
icid excretion (1), prompted us to use this drug to compare with these carbo- 
lydrates in the hope of throwing more light on the mechanism of the uricosuric 
iction. While the diuretic action of salyrgan is comparable to that produced 
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by the sugars,’ the uricosuric action of the former in dogs is only trifling as com- 
pared with the latter. It was also noted that diuresis produced by salyrgan 
seemed greater in dogs with one kidney denervated, which suggests that the 
mechanism of diuretic and uricosuric action of sugars and salyrgan was different, 
since the action of the sugars was unaffected by denervation, atropine or er- 
gotamine. 


SUMMARY 

1. The effects of intravenous injections of hypertonic solutions of certain 
polyhydric alcohols and saccharides have been studied in dogs with exteriorized' 
ureters without anesthesia. 

2 . These drugs produce not only a diuresis but also a marked increase in uric 
acid and allantoin excretion. 

3. All substances causing the increase in purine excretion have the CHjOH , 
grouping at both ends of the chain. 

4. This is not accomplished through a nervous mechanism. 

5. It is unlikely that the hypertonicity of the solution per se is the cause of 
uric acid mobilization, since some hypertonic solutions do not produce this result, 
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The present investigation was undertaken for the purpose of determining 
what part of the tung nut contains the active toxic principle, in the hope that 
this substance could be isolated and identified. The toxic nature of tung nuts 
has been known for a long time, but few instances of experimental stud}’ of 
this property have been reported. Gardner (2) relates an instance of the inges- 
tion of tung nuts by humans. The violent purgative effect which resulted 
prompted him to study the physiological action of tung oil on rabbits and dogs, 
in the hope that materials of therapeutic use might be discovered. He found, 
however, that relatively large doses had only a mild laxative effect. The oil 
produced no irritation of the intestinal mucosa and no interference with normal 
functions was observed, although the experiments were continued over a long 
period of time. His investigation was not extended to other parts of the tung 
fruit. Cnrratala (1) has given an excellent description of the symptoms which 
follow the ingestion of the fruit of the tung tree (Aleurites fordii), in describing 
the poisoning of five workers who had eaten the nuts. None ate more than three 
of the nuts, but soon showed violent epigastralgia, typical colic pains, bilious 
vomiting, burning thirst, and profuse diarrhea. As to nervous reactions, there 
were noted paresthesia, formication, cramps in the legs and arms, nausea, and 
exhaustion. We have been given an accurate account of the symptoms following 
the eating of only one tung nut by a student of the University, who mistook it 
for a Brazil nut. An hour later he felt dizzy and weak and had severe pains in 
the stomach. Violent vomiting, accompanied by diarrhea, set in immediately, 
and recurred at short intervals. Attempts to satisfy an unusual thirst seemed 
to aggravate this condition, which lasted for 0 or 7 hours, after which he was very 
weak. On the following day he had a headache throughout the morning, but 
there was no pain. By the third day he had completely recovered. 

Godden (3) carried on extensive feeding experiments with tung meal, obtained 
by solvent extraction, using rats, pigs, and dairy cattle as test animals. The 
meal which he rased was steamed for 40 minutes and dried in air before being used. 
With these animals a purgative effect was observed, and they lost weight and 
condition on rations containing meal up to 25 per cent. None of the animals 
died from the effect of the meal although rats were kept on the ration for 21 days. 
Godden concluded that the material contained “some substance which makes 
it unpalatable, and some irritant which has a harmful effect on the mucous mem- 
brane of the intestines.” 
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Several instances of dermatitis caused by vapors of heated tung oil have been 
reported (4, 5), and attributed to the toxic nature of tung nuts. 

Experimental. The procedure adopted in this work involves a step-wise 
separation of various constituents of the tung nut with solvents and the testing 
of the physiological action of the various components so obtained. The object 
of the separation was the isolation and study of the toxic principle of the nut. 
The white rat was used as a test animal. The fractions isolated were usually ad- 
ministered in the form of a ration consisting of a mixture of the material and 
ground dog chow, which was moistened with cane syrup. The resulting dough 
could be worked into balls of the desired weight, in which form it could 
be easily fed. 

Physiological action. A. Tung nut kernels. Each of 11 rats was given 15 
grams of a ration containing 50 per cent of tung nut kernels. The rats ate this 
material readily. After three hours a purgative effect was observed in seven 
cases. After 18 hours this effect was apparent in all of the animals. On the 
second day 5 of the animals were replaced on their regular diet and they returned 
to normal in a few days. The other 0 rats were kept on the ration containing 
tung nut kernels, but after the first day they did not eat the preparation so 
readily. They became sluggish and apparently very much weakened. On the 
fourth day one of the animals died. Two died on the seventh day and two more 
on the eleventh. Only one rat survived to the thirteenth day, when the experi- 
ment was discontinued. 

B. Tung oil, separated from (A) by extraction with petroleum ether. A group 
of 5 rats was placed on a ration containing 24 per cent of tung oil. The rats 
ate this preparation readily enough, but remained perfectly normal although they 
were kept on the ration for 5 days. There was no sign of the purgative effect 
observed as when the tung nut kernel was fed. 

C. Tung meal , separated from (.4) by extraction with petroleum ether. Each of 
5 rats was given 15 grams of a ration containing 19.5 per cent of the oil-free meal. 
After 14 houis, all of the rats showed definite signs of a purgative effect, and after 
38 hours they seemed sluggish and weak. At the end of 02 hours two of the 
animals were found dead. At this time each of the other three animals was given 
an additional 5 grams of the food mixture, and at the end of 80 hours none 
survived. 

D. Tung meal, after extraction of (C) with alcohol. A group of 5 rats was given 
daily 10 grams each of a mixture containing 19.5 per cent of tung meal (D). 
After five days the animals remained perfectly normal and the experiment was 
discontinued. 

E. Material, obtained from alcohol extract of (C). About 130 grams of oil-free 
tung meal ( C ) was extracted for 10 hours in a continuous extractor with 95 per 
cent alcohol. The meal remained at 150-1 60°F. during this time. Upon evapo- 
ration of the alcohol a pasty reddish-brown residue was obtained, which became 
lighter in color and definitely crystalline in appearance when washed with pe- 
troleum ether. The yield was 3.85 grams. This solid material was administered 
orally, in water solution, in doses of 0.3 grams (equivalent to 10. 1 grams oil-free 
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meal) to each of 5 rats. The animals were kept on their regular ration and 
observed for 24 hours. No physiological effect was observed. The doses were 
repeated, but again no effect was observed. 

The extracted tung meal ( D ) and the material (E) were mixed in the same 
proportions in which they existed in the original oil-free meal (C), and tested in 
the feeding experiments as above. The experiment was continued for 5 days, 
but none of the symptoms of tung nut poisoning was observed. 

F. Tung meal, after various heat treatments. A sample of oil-free tung meal ((7), 
after heating in a hot air oven at 195°-205°F. for 4 hours, was made up into a 
ration containing 19.5 per cent of this material, which was fed to a group of 5 
rats at the rate of 5 grams each daily. On the second day a slight purgative 
effect was noted. The experiment was continued for six days, but none of the 
rats died or showed the sluggishness observed when unheated meal was fed. 

The experiment was repeated with meal which had been heated in a hot air 
oven at 212°-247°F. for 15 hours, with the results that no signs of a purgative 
effect were observed during the six days that the experiment was continued. 

A quantity of oil-free tung meal (C) was heated at 230°F. with steam in a 
pressure cooker for two hours, dried, and tested in the feeding experiments as 
above. Five rats were given 10 grams each per day for 5 days, but no toxic 
symptoms appeared. 

G. Press cake. A ration containing 27 per cent of tung press cake was given 
to each of 5 rats in 10 gram portions daily. (The press cake is the product ob- 
tained from the commercial pressing process. The ground kernels are heated 
with steam before being pressed.) The rats ate most of the food given them, and 
after three days, no harmful effects were observed. 

Discussion. In this investigation it is shown that the decorticated kernels 
of tung nuts are toxic to rats. When finely ground kernels are included in the 
food of white rats the animals quickly develop signs of a purgative effect. After 
some time the animals grow sluggish and weak and finally die. 

If the oil is removed from the kernels by extraction with petroleum ether 
(Skelly Solv “A”) before mixing with the food, the toxicity persists. In this 
case symptoms of poisoning follow more quickly. In an experiment conducted 
on five rats with oil-free meal, all of the animals died within 86 hours after the 
first feeding. The extracted oil, after removal of solvent, had no effect upon 
rats, either when mixed with the food or when administered orally by means of 
a pipette in doses as large as 1.5 cc. 

After the toxicity of the oil-free kernels was established, the material was ex- 
tracted with alcohol for ten hours, during which time the temperature of the 
material was 150°-160°F. The residual meal was not toxic, nor was the solid 
material obtained upon evaporation of the alcoholic extract. The latter material 
was added to the former in the same ratio that they existed in the meal before 
extraction, but this mixture also had no physiological effect. The long heating 
in the presence of alcohol apparently either decomposed the toxic substance or 
destroyed some enzyme necessary for its formation. 

Our experiments show that heating with steam at 230°F. for two hours renders 
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the oil-free meal non-toxic to rats. Heating in a dry condition apparently 
requires a longer time to render the material non-toxic, for when the dry meal 
was heated in a hot air oven at 195 o -205°F. for four hours and given to rats, the 
animals developed slight symptoms of the purgative effect produced by unheated 
meal but did not grow sluggish or weak. The dry meal was rendered completely 
non-toxic by heating for fifteen hours at 212°-247°F. in an oven. 

In view of the effectiveness of steam upon the highly toxic oil-free meal, the 
non-toxic nature of the press cake investigated here is especially of interest, as 
the press cake was obtained from ground kernels which had been steamed before 
pressing in the commercial plant. The results thus far obtained indicate that a 
perfectly non-toxic material may be readily obtained as a product of the tung 
oil industry. 

The authors are indebted to the late Dr. Charles E. Coates for helpful sugges- 
tions, and to Mr. D. T. Cushing of the Great Southern Lumber Co., Bogalusa, 
La., who provided samples of tung nuts, press cake, and tung oil. 

SUMMARY 

The toxic principle of tung nuts is not present in tung oil, but is found in tung 
meal. A method by which this principle may be destroyed is described. An 
attempt to isolate the toxic material was unsuccessful. 
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The delay that occurs between the intravenous introduction of certain nar- 
cotics and the full development of their action has attracted relatively little 
attention and has not been satisfactorily explained. The first narcotic found 
to show this lag was a-d-glucochloralose. Soon after the discovery of the nar- 
cotic activity of this dnig, the lag was clearly described (1). In the other im- 
portant class of narcotics having slow onset of action, the barbituric acids, this 
property was not so promptly recognized. For several years nfter the intro- 
duction of barbital into medicine nearly all of the laboratory and clinical studies 
were made with the acid form given by mouth. The first reference that I have 
found to the delay in onset of narcotic action after intravenous injection of 
a barbituric acid is that of Impens (2), who described it for pheno- 
barbital in 1912. His reference to the lag is casual but unequivocal. Other 
early references to the slow onset of action of barbituric acids are those of 
Tiffeneau (3) (barbital, dial, ethyl-allyl-barbituric acid) and of Starkenstein 
(4) (barbital). Of the other drugs tabulated in this paper as having lags, 
some have previously been reported to have this property. Others have not. 
Some have even been described as having immediate onsets (e.g., nostal and 
nirvanol (5)). 

Part 1. Relation between dose and lag. For the investigation of the relation- 
ship between dose and lag, phenobarbital and a-d-glucochloralose were chosen 
as representative of the two principal classes of narcotics having lags. Pheno- 
barbital was selected as the representative of the barbituric acids because, of all 
those with long lags, it gives the quietest anesthesia. The time at which 
anesthesia is reached is, for that reason, more easily and accurately determined. 
Moreover, the duration of phenobarbital anesthesia is very long, and the form 
of the dose-lag relation should be relatively little affected by the inactivation of 
the drug. Less exactly determined data for barbital indicate that the dose-lag 
relation is of a similar form to that of phenobarbital. At corresponding doses, 
the lags are about 1.8 times as great as those of phenobarbital. 


1 This work was supported by a grant from Mallinckrodt Chemical Works. Some of the 
drugs used were kindly supplied by the following firms: Hoffmann-LnRoche,EIi Lilly (fc Co., 
Riedel-de Haen, Snndoz Chemical Works, Sharp and Dohme, and Winthrop Chemical Co. 
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Methods. Both drugs were given intravenously to male white mice. Phenobarbetal was 
given as a freshly prepared solution of the sodium salt. The concentrations of the solutions 
were made proportional to the dose, so that all mice receiving the Bame drug received the 
same volume of solution per gram of body weight (phenobarbital, 0.017 cc.; chloralose, 
0.03 cc.). The injection of each of the 5 lower doses of phenobarbital occupied J minute 
(1 minute for the highest dose) ; each dose of chloralose, 2 minutes. 




DOSE/AD 50 

Fia. 1 . Relation between Dosage and Time of Onset of Anesthesia 
For each point 25 mice were used. Ordinate — median time between end of injection 
and onset of anesthesia. Abscissa — ratio of dose to the previously determined median 
anesthetic dose of the drug (chloralose, 0 0S2 mgm. per gram; phenobarbital, 0.134 mgm. 

per gram). The curve fitted to the chloralose data is y = 36 login t ^ iat fitted to the 

phenobarbital data is y = 19c - * — 1)~ B1 . 


The 160 mice receiving the G doses of phenobarbital represented in figure 1 were assigned 
in groups of 6 at random to the 6 doses. The 6 mice were all dosed on the same day. A 
similar procedure was used for the 6 doses of chloralose. 

The median anesthetic doses, which enter into the expression of dosage used in figure 1, 
were determined by the same method used for all of the other drugs. ( See Part 2.) 

The criteria of anesthesia were the same as those described in Part 2. 


The results are shown in figure 1. Median rather than mean values of time 
are plotted because it was thought that this would give a picture of the dose- 
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time relationship more representative of that which would be found if it could 
be determined for an individual mouse. 2 

To draw any very definite conclusions from the shapes of the curves would be 
hazardous. 3 Time-concentration curves for much simpler biological systems 
have yielded very little information as to the physico-chemical processes in- 
volved in the delays. (For a review of this subject, see Clark (7) .) The shapes 
of the two curves are sufficiently different to indicate the need of some caution 
in assuming that the cause of the lag is the same for the chloraloses as for the 
barbituric acids. However, either is compatible with the hypothesis that 
diffusion is an important factor in the delay. 

Part 2. Comparison of the lags of various anesthetics. As was shown in Part 
1, the lag is to a great extent dependent on the dose. For this reason, if the lags 
of different drugs are to be compared, it is important that doses be used that give 
comparable depths of anesthesia. In an attempt to fulfill this condition, I 
have determined the median anesthetic dose of each drug and measured the lag 
at a dose 1.25 times this value. This ratio gives a dose that proved to be suf- 
ficient to anesthetize every mouse with every drug tried. 

Drugs were chosen to represent a large variety of chemical classes of narcotics. 
The majority of those tabulated are derivatives of barbituric acid. The large 
number of readily available drugs of this group show a wide range of lags. This 
series affords a good opportunity of studying the relation between structure 
and lag. 

1 Suppose the dose-lag relation of a population of mice to be represented by the family 
of curves,!/ = /(x, a), the parameter, a, determining the position of the asymptote (anes- 
thetic dose) . Then the relation between dose and the arithmetic mean of the lags shown by 
two or more of the curves will not in general be of the form y — fix, a). 

The Bhape of the curves in figure 1 suggests that if the anesthetic doses of a population of 
mice were normally distributed, the distribution of the lags measured at any dose would 
not be normal but positively skewed (mean greater than mode) . The asymmetry would be 
more pronounced at lower doses. Calculation of gi (Fisher (6), p. 78) shows tha*t the 
distribution of the times for the lowest dose of phenobarbital departs significantly from 
normality (positive skewness). For the other 5 doses of phenobarbital, the asymmetry is 
not significant. On none of the 5 doses of chloralose is there significant asymmetry. Of 
all the other drugs (Part 2) for which the lags were measured at 1.25 times the median dose, 
only barbital, nostal, and sandoptal have significantly asymmetrical distributions of lags 
(all positively skewed) . 

1 No particular significance should be attached to the equations used for drawing the 
curves through the observed points, even though the chloralose equation is of a type that 
expresses the course of several familiar physical and chemical processes (e.g., the time 
required for a given amount of solute to diffuse across a thin membrane in accordance with 
Fick’s law). These are the simplest equations giving asymptotes at x = 1 and y = 0 that 
were found to give a reasonably good fit. (Since the duration of anesthesia is finite with 
respect to the lag in onset, a curve showing two values of y for each value of x, with a tan- 
gent at x = 1, would be a still better representation of reality.) Since a number of different 
time-concentration relations have been found to fit equilateral hyperbolas and since certain 
diffusion processes are also represented by such curves, I have tried to fit equilateral hyper- 
bolas to the present data. The data can be fitted rather roughly (considerably less closely 
than by the curves shown) by these hyperbolas: phenobarbital, y(x — 1) = 2.7 ; chloralose, 

(y —5) (s — 1) = 5-5- 
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Methods. Source of drugs. Those drugs that were not obtainable in a good state of 
purity either commercially or from the laboratories of the manufacturers were synthesized 
in this laboratory or isolated from commercial mixtures and purified. 

Administration of drugs. All drugs were given intravenously to male white mice. The 
concentrations were usually made such that a mouse would receive about 0 015 cc. of solu- 
tion per gram body weight, but the low solubility and low activity of some drugs neces- 
sitated giving considerably larger volumes of solution. All of the barbituric acids were 
given as freshly prepared solutions of the sodium Balts. 

Criteria of anesthesia. A mouse was considered anesthetized if it was unable to gain and 
maintain the standing position after stimulation by repeated pinching of the tail. 

Determination of the median anesthetic dose (AD 50). For the drugs of tables 1 and 3, 
two doses were found, one of which would anesthetize between 24 and 50 per cent of the mice, 
the other between 50 and 70 per cent. Twenty-five mice were used on each of these two 
doses. The median dose was estimated by interpolation from these two groups on the as- 
sumption that the relation between dose and proportion anesthetized is linear over this 
range. 4 

For ali of the other drugs (none of which had a lag), only 12 animals were used on each of 
the two doses. The precision of these doses is consequently less than that of those deter- 
mined from the larger groups. 

The doses of the barbituric acids and hydantoins are expressed in terms of the acid form. 

The series of doses shown in the tables were determined over aperiod of several years and 
in all seasons. The question of seasonal and other such variations in sensitivity to drugs 
must be considered in comparing the activities of thcBc drugs. 

Measurement of lag. For the drugs of tables 1 and 3 a dose 1.25 times the previously 
determined median anesthetic dose was given. The injection time was usually J minute. 
Longer injection times were necessary' for a few drugs (e.g., 2 minutes for the chloraloses). 
The time was noted at which the mouse reached the level of anesthesia described above. 
Times were measured from the end of the injection. Twenty-five mice were used for each 
drug, the mean time being tabulated (see footnote *). The lag was always measured within 
a few days of the determination of the anesthetic dose. The mice used came from the same 
group from which those used for the dose determination had come. This procedure prob- 
ably nullified to some extent the effects of the above-mentioned variations on the meas- 
ured lags. 

If in the determination of the median anesthetic dose every mouse that became anes- 
thetized did bo within a few seconds of the end of the injection, the use of the higher dose 
was omitted and the drug classified as having no lag. The onset of action of these drugs 
may not be quite instantaneous and the drugs may differ slightly among themselves in their 
rapidity of onset. However, their lags are too short to be determined with any degree of 
significance by the method described above. 

All of the anesthetics that I have found to have any measurable delay in onset 
of action are to be found in tables 1 and 3. It is to be noted that all of these 
drugs fall into two chemical classes: the chloraloses, and the 5,5-disubstituted 
derivatives of barbituric acid and the closely related compound, hydantoin. 5 
Although I have tested a considerable number of anesthetics belonging to other 

4 While this assumption is of course not true, it can lead to no serious error in this raDge. 
The assumption of more complex relations, which doubtless are better approximations, 
leads to values of the median dose that differ from those calculated here by amounts so small 
as to be of no significance in this study. 

“The 5,5-disubstituted derivatives of another compound related to barbituric acid, 
oxazolidinedione, are reported by Stoughton and Baxter (8) to have no lag. 
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chemical groups, no others have been found to have lags. 0 In table 4 are listed 
a few of the anesthetics that have immediate onset of action. This list is chosen 
to contain representatives of diverse chemical classes and to show a wide range 
of anesthetic doses. 

Examination of table 1 suggests that among the 5,5-disubstituted barbituric 
acids there is a tendency for the longer lags to be found in the less active drags. 
That this association is statistically significant can be demonstrated by the 
treatment of figure 2. Here are plotted the anesthetic doses and lags of the 18 

TABLE 1 

Anesthetic doses and lags of eighteen E,E-disubstilulcd derivatives of barbituric acid 
The tabulated lag is the mean time of onset of anesthesia in 25 mice given a dose 1.25 X 
the AD 50. 


DARDITURIC ACID 

' 

MOL. TVT. 

ADM 

MEAN LAO 
IN ONSET 

5-ethyl -5-ethyl (Barbital) 

184.1 

tngm. per 
gra m 

0.234 

moles X 
W* per 
gram 

127 

minutes 

22.0 

-5-phenyl (Phenobarbital) 

232.1 

0.134 

5S 

12.3 

-5-isopropyl (Ipral) 

19S.1 

0.110 

5G 

9.2 

-5-(l-cyclohexcnyl) (Plianodorn) 

23G.1 

0.110 

47 

0.9 

-5-butyl (Neonal) 

212.1 

■mil 

30 

1.6 

-5-hcxyl (Ortal) 

240.2 


32 

0 

-5-isoarayl (Amytal) 

22G.2 

wtm 

24 


-5-(l-mcthyl-l-butcnvl) (Dclvinnl) 

224.1 

0.047 

21 

1.7 

-5-(l-methyIbutyl) (Pentobarbital) 

226.2 

0.033 

15 


5-allyl-5-allyl (Dial) 

20S.1 

0.073 

35 

12.8 

-5-isopropyl (Alurate) 

210.1 


28 

12.4 

-5-isobutyl (Sandoptal) 

224.1 

1 £9 

28 

3.4 

-5-(2-cyclopentenyl) (Cyclopal) 

234.1 

BUS 

2G 

1.6 

-5-(l-mcthylbutyl) (Seconal) 

23S.2 

0.028 

12 

0.1 

5-(2-broraoalIyl)-5-isopropyl (Nostal) 

2S9.0 

0.071 

25 

9.5 

-5-scc-butyl (Pernoston) 

303.1 

0.049 

16 

2.7 

-5-(l-mcthylbutyl) (Sigmodal) 

317.1 

0.010 

13 

0.2 

5-raethyl-5-(l-cyclolicxcayl) 

222.1 

0.20G 

93 

8.9 


barbituric acids of table 1. Lines are drawn through the mean values of dose 
and lag, dividing the plot into 4 quadrants. If anesthetic dose and lag were 
independent properties, the ratio of the number of drugs falling in Quadrant 
II to the number in Quadrant III should equal the ratio of the number in 

6 So far as I am aware, the only other drug that has been reported to have slow onset of 
action after intravenous administration is 3,3-dicthyl-2,4-dikcto-piperidinc (itself similar 
in structure to barbital). Foster (9) found a lag with this drug in rabbits. In rabbits I 
also find a brief lag, but not in mice. 
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Quadrant I to the number in Quadrant XV. The observed ratios differ signifi- 
cantly, indicating that anesthetic dose and lag are associated properties. 7 
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Fiq. 2. Tub Eighteen 5,5-Disubstituted Barbituric Acids of Table 1 
The perpendicular lines arc drawn through the mean values of dose and lag 


No N-substituted barbituric acid or thiobarbituric acid was found that had a 
lag (tabic 2). Although a ^-substituted compound is more active than the 


T Of the 18 drugs, 7 have lags above the mean, 11 below the mean. If dose and lag were 
independent properties, the 13 diugs having anesthetic doses below the mean should contain 
the same proportion of high lags and low lags as 13 drugs selected at random from the 18. 
If 13 drugs arc selected at random from the 18, the probability that these 13 will contain 
10 or more below-the-mean lags is 


5! 131 / 71X11 . 
ISf V 41 31 


7! 

51 21 


■) - 0 047 


This probability is so low that the hypothesis of independence cannot reasonably be 
accepted. 

This test of independence involves no assumptions regarding the form of distribution of 
lags or doses , nor regarding the form of the relationship between dose and lag. Because the 
distributions of the doses and the lags cannot be regarded as normal (the distribution of 
these 18 doses shows significant positive skewness), the correlation coefficient cannot be 
applied here. 
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corresponding unsubstituted compound and a thiobarbituric acid more active 
than its oxygen analogue, it is to be noted that some of the drugs in table 2 are 
less active than the rapidly acting compounds of ta,ble 1. 

Discussion. The earliest attempt to explain the slow onset of action of a 
narcotic is that of Overton (10) (1901). He found that the narcosis produced 
by chloralose develops slowly in tadpoles and disappears slowly when they are 
transferred to fresh water. Chloralose was the only strong indifferent narcotic 
known' by Overton to behave in this manner. By plasmolytic experiments, a 
method entirely independent of the appearance of narcosis, he demonstrated 
that chloralose enters plant cells slowly. In this respect, also, it differed from 
the other indifferent narcotics. Overton thought that the rapidity of entrance 
of a compound into a cell is determined by its solubility in the lipoids of the cell 

TABLE 2 


1 ,5 ,6-lrisubstituted derivatives of barbituric acid and S,5-disubstiluted derivatives of 

thiobarbituric acid 

Tlie onset of action of all of these drugs is almost immediate. 


BARBITURIC ACID 

MOL. WT. 

AD 60 

1-methyl -barbital. 

198.1 

tngm. per 
gram 

0.070 

moles X 10~* 
per gram 

35 

1-ethyl-barbital 

212.1 

0.110 

52 

1-propyl-barbital 

226.2 

0.038 

17 

1-allyl-barbital 

224.1 

0.055 

25 

1-butyl-barbital 

240.2 

0.060 

25 

Z-methyl-phcnobarbital (Mebaral) 

24G.1 

0.050 

20 


224.1 

0.032 

14 

1 ,5-dimethyl -5- (1-cyclohexenyl) -barbituric 
(Evipal) 

acid 

236.1 

0.029 

12 

5-ethyl-5-(l-methylbutyl)-2-thiobarbituric 
(Pentothal) 

acid 

242.2 

0.012 

5 


200.2 

0.140 

70 




membrane relative to its solubility in water. He evidently assumed that narcosis 
is produced only after the penetration of the drug into the cell. 

Of a different nature is the suggestion offered by Klimesch (5) to account for 
the slowly developing action of certain barbituric acids. Klimesch attributed 
the differences in rapidity of onset of action of barbituric acids to the differences 
in degree of hydrolysis of their sodium salts. The greater the proportion of the 
drug present in the blood and tissues in the form of the lipoid-soluble acid, the 
more rapid the onset of action was assumed to be. This idea was reaffirmed 
in a subsequent paper by Starkenstein and Klimesch (11). Bush (12) has 
pointed out that the method used by Klimesch to estimate the degree of hy- 
drolysis of the salts is not valid. Bush determined the dissociation constants 
of five barbituric acids and, failing to find these values correlated with the lags, 
showed that the hypothesis of Klimesch is not acceptable. Barbital and amytal, 
two drugs that have lags differing in the extreme, were found to have equal 
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dissociation constants. The independence of dissociation constant and lag is 
corroborated by the study of a longer list of dissociation constants recently 
published by Clowes et al. (13). • Fourteen of the barbituric acids of table 1 
are to be found in this list. Among these fourteen, there is no evidence of as- 
sociation between pK' and lag. 8 

Owing to the infinite complexity of the cell, the possibilities of describing its 
functions in terms of familiar physico-chemical models are severely limited. 
However, since the greater part of the time must be accounted for by processes 
the course of which is greatly affected by small changes in chemical structure or 
physical properties, it is possible that a study of the association between lag and 
the properties of the drugs may yield a clue at least to the general nature of the 
principal factor in the delay. 

The first question that arises concerning the lag is whether it is the time 
required for the drug to arrive at its site of action or whether it is a delay 
in the biological response of the cell after the primary action of the drug is 
complete. Among the 5 , 5-disubstituted barbituric acids listed in table 1, drugs 
that differ among themselves relatively little in chemical structure, there are to 
be found lags of all magnitudes. It is difficult to conceive of drugs so closely 
related chemically differing among themselves in their sites or mechanisms of 
action. On the other hand, the differences in physical properties are such as 
might be expected greatly to influence the speed of passage from the blood to 
the site of action. Therefore, at least so far as the barbituric acids are con- 
cerned, the hypothesis that the delay is in the arrival of the drug at its site of 
action appears the more attractive. 

The significant association between narcotic activity and rapidity of onset 
demonstrated here may throw some light on the nature of the process by which 
the drug reaches its site of action. Such an association would result if this 
mechanism were dependent on some physical property of the drug that is also 
associated with narcotic activity. Among the barbituric acids as well as other 
narcotics, there is a general tendency for the more active drugs to have a higher 
solubility in certain organic solvents relative to water. This solubility relation- 
ship is often thought of in terms of the distribution coefficient between olive oil 
and water, not because of any unique physiological significance of this particular 
coefficient but because it was the one used by the early advocates of the lipoid 
theory of narcosis. Let it be assumed that the lag in onset of narcosis is due to 
diffusion of the drug from an aqueous phase into or across a non-aqueous phase. 
Then if the more active drugs had higher partition coefficients between the 
non-aqueous solvent and water, they would pass more rapidly into and across 
the non-aqueous phase, and the observed association between anesthetic dose 
and lag would result. 

The fact that there is also a marked parallelism between the oil/water distri- 

$ If these data are treated by the method of figure 2, pK' (from Clowes el al.) being 
plotted as abscissa and lag (from table 1) as ordinate, the number of drugs falling in quad- 
rants I, II, III, and IV are, respectively, 3, 3, 4, 4. These numbers do not differ from those 
expected from the hypothesis of independence. 
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bution coefficients of many organic substances and their speeds of penetration 
through cell membranes suggests that the non-aqueous phase assumed above 
might be the lipoid layer of the cell membrane. 9 If some of the assumptions 
considered above were combined, the hypothesis would assume this more 
specific form: 

The delay in onset of narcotic action is the time required for the drug to 
penetrate into or through the cell membrane, the more rapid penetration of the 
more active drugs being due to their greater relative solubility in the lipoids of 
the membrane. 


TABLE 3 


Anesthetics other than barbituric acids having slow onset of action 
The lag was measured in the same way as for the barbituric acids of table 1. 


DRUG 

UOLi. WT. 

ADM 

i 

WEAK LAO 
IK OK BET 

5-ethyl-5-phenyl-hydantoin (Nirvanol) 

204.1 

B 


minutes 

14.5 

a-d-glucochloralose | 

309.5 



24.4 

a-d-arabinochloralose 

279.4 


S9i 

15.6 

a-l-arabinochloralose 

279.4 

0.199 

71 | 

9.8 



TABLE 4 


Some anesthetics other than barbituric acids having immediate onset of action 


DRUG 

MOL. TVT. 

AD 50 

Methanol 


mgm. per 
gram 

7.0 

moles X t0~* 
per gram 

22,000 

163 

Chloral hydrate 


0.27 

Ethyl acetate 

88.1 

0.27 

306 

Ethyl carbamate 

S9.1 

1.12 

■ 

Paraldehyde 

132.1 

0.73 


Acetone 

58.0 

2.4 


Sulfonal. . 

22S.3 


219 




This hypothesis is essentially an application of Overton’s theory of cellular 
permeability. However, it is to be noted that it has been assumed above that 
the amount of drug passing from the original aqueous phase is at least roughly 
proportional to the observed anesthetic dose. This assumption is not consistent 
with the requirements of the lipoid theory of narcosis, at least as set forth by 
Meyer and Hemmi (15). 

The hypothesis mentioned above is inadequate to explain the unequal rates 
of onset of narcosis following injection of the enantiomorphic arabinochloraloses, 

» Among the 9 barbituric acids of table 1 for which olive oil/water distribution coeffi- 
cients have been published (14) there is a significant association between distribution co- 
efficient and lag. 
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for the physical properties of these compounds are identical. It is conceivable 
that the chloraloses differ entirely from the barbituric acids in their site and 
mechanism of action. The lag might still be considered a delay in the arrival 
of the drug at its site of action if it were assumed that the drug penetrates not 
through simple diffusion in accordance with Fick's law, but by some process 
that limits the rate of transfer. Thus the larger quantity of a less active drug 
would require a longer time to reach the site of action. 

No reason is apparent why the log should be found in such a limited num- 
ber of chemical classes of narcotics. Reference to table 4 indicates that it 
cannot be solely a matter of narcotic activity or of molecular dimensions or 
of solubility. One must assume that those chemical groups in which lags are 
found narcotize at a different site or through a different mechanism or arrive 
at their site of action through a different mechanism from other narcotics. 

SUMMARY 

V A delay occurs between the intravenous introduction of certain anesthetics 
and the full development of their action. The only drugs that I have found to 
have this property arc chloraloses and 5,5-disubstitutcd derivatives of bar- 
bituric acid and hydantoin. The lags of a number of these drugs have been 
measured at doses designed to give comparable depths of anesthesia. 

Among the eighteen 5,5-disubstituted barbituric ncids studied, it has been 
demonstrated that anesthetic dose and lag are associated properties, the more 
active drugs tending to have more rapid onset of action. 

This association might be explained if it were assumed that the delay is 
the time required for the drug to penetrate into or through the cell membrane, 
the more rapid penetration of the more active drugs being due to their greater 
relative solubility in the lipoids of the membrane. 

This hypothesis is inadequate to explain the unequal rates of onset of the an- 
tipodal arnbinochloraloscs. 

No reason is apparent for the fact that the property of slow onset of action is 
limited to those chemical classes named. ^ 
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During recent years a number of investigators have reported studies on the 
properties of the enzyme contained in the milky sap of the fig. Such studies have 
been prompted by its enzymatic properties as well as by its historic status as a 
Spanish-American anthelmintic. An excellent review of its history and bibliog- 
raphy is given by Asenjo (1) . The purpose of this paper is to present the results 
of further investigation along lines suggested by its use as an anthelmintic. 1 

The partially purified enzyme, dried to constant weight in a vacuum desiccator 
at room temperature showed, by Ivjeldah!, a total nitrogen content of 11.1 per 
cent, corresponding to G9.6 per cent protein* Its average ratio of free amino 
nitrogen to total nitrogen, the former determined by the Van Slyke method, 
ranged from 13 to 14 per cent in different samples, which places it approximately 
in the proteose class. In its proteolytic properties it resembles papain in that 
it has an optimum pH of about 5, as shown by Robbins (2) . This pH was there- 
fore uged for all determinations of proteolytic activity. We found that it rapidly 
hydrolyzed proteins such as egg albumin, gelatin, etc. at room temperature, but 
carried them to the proteose-peptone stage with a free amino nitrogen total nitro- 
gen ratio of about 25 per cent. When added to commercial proteose-peptone 
mixtures little or no further hydrolysis was observed. Thus in the degree of 
hydrolysis accomplished it resembles gastric pepsin. 

The thermo-lability of ficin was first reported by Robbins (3), who used its 
effect on Ascaris as the criterion. We have confirmed his results using hydrolysis 
of egg albumin, measured by the production of non-precipitable (by trichloracetic 
acid) nitrogen as the criterion. Complete inactivation resulted from one hour’s 
hcpting at from 70° to 75°C. The enzyme is not poisoned in any measurable 
degree by the presence of chloroform. Treatment of a water solution with 
ketene under conditions which should acctytatc only free amino groups yielded 
a product with about two-thirds the enzymatic activity of the untreated sample. • 

The fairly homogeneous character of our enzyme preparation is indicated by 
the results of dialysis through a collodion membrane. As is the case with most 
proteose-peptone mixtures, a portion dialyzes easily through such a membrane 
but the molecular complexity of the dialysate, as indicated by the free amino 

* The work was carried on with partially purified samples of the enzyme in powdered form 
furnished us by the kindness of Merck and Company, Incorporated. 
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nitrogen total nitrogen ratio, does not differ markedly from that of the residue. 
Furthermore, experiments of this type have shown enzymic activity on the part 
of the dialysate proportional to the total protein content of the solution. 

One of the remarkable properties of this enzyme, no doubt responsible for its 
continued medicinal use, is that of digesting living intestinal helminths. Such 
ability obviously does not accord with our conception of the mechanism of action 
of proteolytic enzymes but a member of experiments with freshly collected, live, 
pig Ascaris provide ample confirmation of the results first reported by Robbins 
(3). The helminths are rapidly attacked by the enzyme with the production of 
extensive lesions of the body wall. During the course of this digestion the 
power of locomotion of the worms leaves no doubt that they remain alive for 
some time. However, long-continued action by the enzyme solution produces 
death and almost complete disintegration of the worms, with marked increase 
in the nitrogen content of the solution in which they are immersed. 

Site of action. In an attempt to determine whether the action of ficin on 
live ascaris is on the exterior body surface or through the alimentary tract of the 
worms, the following experiment was carried out: Fresh]}' collected live Ascaris 
were divided into three groups of five worms each. Group I was immersed in 
200 cc. 0.1 per cent ficin made in Locke’s solution; Group II was immersed in the 
same volume of Locke’s solution without the ficin. Group III W’as a duplicate 
of Group I in the ficin solution but, whereas the worms of Group I had their 
alimentary tract closed by ligation as described by Brown (4), those of Group III 
were left unligated. All three groups were incubated at 37°C. and observed at 
intervals up to 150 minutes. At the end of that period the w'orms of Groups I 
and III, while retaining the power of locomotion, had a badly blistered cuticular 
surface whereas Group II (controls) showed no damage. However, no difference 
could be observed between Groups I and III; since ligation of the alimentary 
tract w r as without result, the action of the enzyme w r as purely on the exterior 
surface of the worms. Moreover, the increase in the nitrogen content of the 
solution as digestion proceeded was practically identical in Groups I and III in 
spite of the inability of the enzyme to gain entrance to the intestinal tract of the 
worms of Group I. A similar experiment in physiological saline solution gave 
the same results. 

Fecal excretion. The clinical use of crude preparations of ficin for the treat- 
ment of Trichuriasis has been described by Brown (5), and recommended by 
various waiters as reviewed by Asenjo (1). The degree of success recorded for 
crude ficin preparations is the more remarkable because the habitat of Trichuris 
is the cecum. Thus the necessary site of action is so far down the intestinal 
tract as to subject the enzyme, evidently of protein nature, to the digestive action 
of the proteolytic enzymes of the stomach and small intestine. The literature 
contains little or no exact information as to the relative abilities of different prote- 
olytic enzymes to destroy one another but one must assume, in this case, that 
some of the ficin passes unaffected through the areas of tryptic and ereptic diges- 
tion and arrives at the cecum with, at least its anthelmintic if not its proteolytic 
properties unimpaired. In this ability, it appears to be in sharp contrast to the 
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animal’s ordinary digestive enzymes which are almost entirely absent from 
normal feces. It seemed worth while, therefore, to test whether or not the prote- 
olytic activity of doses of ficin can survive to the point of excretion in the feces. 
It is well known that feces normally show little or no tryptic activity. 

The question of fecal survival of ficin was tested as follows: Doses of partially purified 
and dried ficin (used in the above-described experiments) wero administered in water solu- 
tion to two dogs at levels of 0.1 gram and 0 5 gram respectively per kilo body 
weight. Twenty-four hour collections of feces were made, both for several days before 
administration of the enzyme and for a longer period afterwards. The dogs were kept 
throughout the experiments on an ordinary animal house diet. The 24-hour samples of 
feces, varying considerably in weight, were each macerated in water; the resulting mixture 
was filtered and washed into 500 cc. volumetric flasks and made up to volume; 25 cc. aliquots 
of these solutions were used for testing proteolytic activity. 

Standardization was effected b}’ running a series of teats with varying amounts of the 
same sample of ficin as that administered to the dogs in 25 cc. water. This was added to 

TABLE 1 


Absolute increase in percentage of free amino - to total nitrogen effected by varying amounts of 
ficin in 85 cc. water solution added to 800 cc. £% Qelatin solution. Room temperature 


wrionT or ficin in 25 cc. bauflx 


30 minutes! 

60 minutes 

tram 

0 

0 

0 

0.05 

3.25 

3.90 

0.10 

5.51 

6.68 

0.15 

6. 68 

7.84 

0.20 

7.95 

8.96 

0.25 

8.C9 

9.64 

0.30 

9.28 

10.64 


200 cc. 2% gelatin solution at room temperature and the resulting ratio of free amino- to 
total nitrogen determined at once, after 30 minutes, and after one hour. The amounts of 
ficin in the 25 cc. samples were varied from zero to 0.30 gram but the amounts present in 
the 25 cc. aliquots of the feces solution never exceeded the equivalent of 0 05 gram. A 
straight-line relationship was assumed to hold sufficiently well between 0 and 0 05 gram to 
permit interpolation. The original ratio in the gelatin was 2.92%. The results of the 
standardization are recorded in table I, the absolute rise in the ratio for 30 and 60 minutes 
over the ratio ns determined at once being recorded in relation to the amounts of ficin con- 
tained in the 25 cc. sample of the same. 

The enzyme content of the 24-hour samples of feces was determined by direct proportion; 
the data used were those given in table 1 for a hydrolysis period of one hour. The 25 cc. 
aliquot of the feces solution was mixed with 200 cc. 2% gelatin solution. This solution 
plus 25 cc HjO had, as stated above, a ratio of free amino- to total nitrogen of 2.9%. After 
one hour hydrolysis at room temperature the ratio was determined and corrected for the 
nitrogen introduced into the feces solution. From this ratio there was subtracted the 
original ratio determined on the gelatin (2.92%). To apply a further correction for the 
small enzymatic activity encountered in normal feces, an average was made of the values 
similarly obtained on several control periods when no ficin had been administered. This 
average amounted to 0.75% absolute increase under identical conditions (see table 2) for 
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nitrogen total nitrogen ratic 
Furthermore, experiments oi 
of the dialysate proportional t 

One of the remarkable propel 
continued medicinal use, is that «. 
ability obviously docs not accord w, 
of proteolytic enzymes but a membe. 
pig Ascaris provide ample confirmatio 
(3). The helminths are rapidly attack; 
extensive lesions of the body wall. Di 
power of locomotion of the worms leaves . 
some time. However, long-continued actio 
death and almost complete disintegration of 
in the nitrogen content of the solution in wliic. 

Site of action. In an attempt to determine 
live ascaris is on the exterior body surface or thron 
worms, the following experiment was carried out: i 
were divided into three groups of five worms each. 

200 cc. 0.1 per cent ficin made in Locke’s solution; Groit 
same volume of Locke’s solution without the ficin. Grc 
of Group I in the ficin solution but, whereas the W'orms 
alimentary tract closed bj' ligation as described by Brown (4. 

W'ere left unligated. All three groups were incubated at 37b 
intervals up to 150 minutes. At the end of that period the w 
and III, w'hile retaining the power of locomotion, had a badly bh 
surface whereas Group II (controls) shownd no damage. Iloweve, 
could be observed between Groups I and III; since ligation of th. 
tract was without result, the action of the enzyme was purely on i 
surface of the worms. Moreover, the increase in the nitrogen coni 
solution as digestion proceeded W'as practically identical in Groups I ai 
spite of the inability of the enzyme to gain entrance to the intestinal trac 
worms of Group I. A similar experiment in physiological saline solution 
the same results. 

Fecal excretion. The clinical use of crude preparations of ficin for thetrr. 
ment of Trichuriasis has been described by Brown (5), and recommended b, 
various miters as reviewed by Asenjo (1). The degree of success recorded foi 
crude ficin preparations is the more remarkable because the habitat of Trichuns 
is the cecum. Thus the necessary site of action is so far down the intestinal 
tract as to subject the enzyme, evidently of protein nature, to the digestive action 
of the proteolytic enzymes of the stomach and small intestine. The literature 
contains little or no exact information as to the relative abilities of different prote- 
olytic enzymes to destroy one another but one must assume, in this case, that 
some of the ficin passes unaffected through the areas of tryptic and ereptic diges- 
tion and arrives at the cecum with, at least its anthelmintic if not its proteolytic 
properties unimpaired. In this ability, it appears to be in sharp contrast to the 



PROPERTIES OF FICIN 


133 


ment with a sample of papain paste 2 produced similar results, the recoverieshaving 
reached a maximum of about 63 per cent of that administered. 

It is, of course, recognized that such a heavy dose of a highly irritating enzyme 
(cf. 6) produces abnormal conditions in the intestine. In the above-described 
experiments with ficin the resulting feces were patently abnormal, being soft 
and quite red in color, undoubtedly indicating some bleeding. However the 
animals quickly recovered their normal condition. 

CONCLUSIONS 

Further investigation of the properties of the fig enzyme (ficin) have shown 
that: 

1. The action on Ascaris lumbricoides is on the exterior of the live worm and 
not through its alimentary tract. 

2. The similar effect on Trichuris in the cecum is explained by its ability to 
pass through the digestive tract of the dog and to be excreted in the feces with a 
large share of its proteolytic activity intact. 

We wish to acknowledge the assistance of The Samuel S. Fels Fund for the 
means to carry on this investigation. 
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Intravenous injection of water soluble bismuth compounds is not used clini- 
cally because of the relatively high toxicity, which had been shown experi- 
mentally and confirmed in the few clinical trials that have been reported. 

H. Beerman, 1932 (1), found reports of five acute deaths of human patients from intra- 
venous injection of bismuth compounds. The following abstract is typical of such occur- 
rences: S. H. Curtis, 1930 (2), had used intravenous injections of a solution of “bismuth 
tartrate” (presumably sodium bismuth tartrate) in ten patients, without any reactions. 
He injected the equivalent of 15 mgm. of bismuth (approximately 0.25 mgm. per kilogram 
of body weight) in 5 cc. of sterile distilled water, weekly for ten doses. An eleventh patient, 
however, a young man in good physical condition, reacted to each of the ten injections with 
abdominal pain and one or two watery stools. A month later another course was started, 
but the patient died within five minutes of the first injection, with stormy symptoms of 
colloidoclastic shock, cyanosis, collapse and immediate loss of consciousness. 

The introduction of the slow intravenous drip method of administering rela- 
tively large doses of neoarsphenamine and mapharsen (3), suggested to Dr. 
H. N. Cole that similarly slow injection of bismuth salts might decrease their 
toxicity sufficiently so that they could be utilized, especially as the experimental 
fatalities from intravenous bismuth administration often occur suddenly during 
or very shortly after the injection, suggesting flocculation, which could perhaps 
be avoided by slow intravenous injection. In any case the phenomena of intra- 
venous bismuth injection called for further study, especially in comparison with 
the central nervous symptoms that are so prominent in poisoning by alkyl bis- 
muth (4), and which are absent in ordinary bismuth poisoning. The difference 
'could conceivably be due to the more rapid absorption of the alkyl compounds. 
It also appeared desirable to make quantitative studies of organ distribution 
and of blood concentration of bismuth when the dosage entering the blood could 
be absolutely controlled. For comparison, studies were made with single injec- 
tions in ten to thirty minutes (“fast injection”), and in four to ten hours (“slow 

1 This investigation was supported by a grant of the John and Mary R. Markle Founda- 
tion. A preliminary communication was presented to the American Society for Pharma- 
cology and Experimental Therapeutics at its meeting of April 15-19, 1941, in Chicago. 
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injection”), and with injections, slow or fast, repeated daily up to five days. 
The studies were begun on unancsthctizcd rabbits, and extended to dogs, without 
and with anesthesia. 

Method for prolonged intravenous injection of unanesthetized rabbits. — The animal ia placed 
in a rabbit injection box like that described by D. E. Jackson, but with several large holes 
bored through the sides and bottom for ventilation. The head protruded through the V- 
shaped cut and was freely movable. The box was placed in a trough tilted to drain urine 
through the bottom holes. After the hypodermic needle (usually gauge 22 or 24) had been 
inserted into the marginal ear vein and clamped to the ear by means of an artery clamp, the 
ear was fastened to the lid. This arrangement served at least twelve hours, if the needle 
was nearly parallel to the vein, and the flow of solution was not too slow. The solutions 
for slow injections were prepared by dissolving the calculated daily amount of the bismuth 
compound together with 12.5 grams of dextrose in 250 cc. of distilled water. The mixture 
was placed in a liter flask which was painted with aluminum on the outside to retard the 
action of light. A Murphy drip tube, previously calibrated for size of drops, was then at- 
tached and the flow regulated by means of a pinch clamp. Under ordinary conditions the 
flow was 0.5 cc. (about eight drops) per minute, the total injection lasting about eight hours. 
Three types of water soluble bismuth compounds were used, as represented by sodium 
bismuth citrate, sodium bismuth thioglycollate (thiobismol) and sobisminol* The dilute 
solutions of these compounds flocculate slowly on standing, firat the thioglycollate, then 
the citrate, and last the sobisminol. Under the conditions of our experiments a Tyndall 
effect was observable in one to four, six to eight and eight to twelve hours, visible floccula- 
tion in four to six, eight to sixteen, and sixteen hours, respectively. None of the fresh 
solutions produced visible turbidity in dog or rabbit serum in less than two hours when 
added in vitro. 

Toxic effects in rabbits. The outcome of the injections may be grouped 
as acute fatality, delayed death, and indefinite survival. The acute deaths 
include the animals that died during or shortly after an injection. The symp- 
toms were typically those of flocculation shock. Death was preceded 
dyspnea, salivation and asphyxial convulsions. Autopsy showed pulmonary em- 
physema (“butterfly lung”). The delayed deaths occurred in 12 hours to 27 days, 
the time generally varying inversely with the dose. Death was due to nephritis. 
Extensive edema was present in the animals. No other signs were observed, 
except that the characteristic black deposits of bismuth occurred in the cecum. 
The indefinite survivals were killed 30 to 57 days after injection. The animals 
in this group did not show any signs of toxicity during life, and nephritic changes 
when present were of a much less degree than in the delayed deaths. 

The nephritis and edema are evidently related to the severity of the intoxica- 
tion and the time of survival. Edema was observable in about 20 per cent of 
the acute, 30 per cent of the subacute, 05 per cent of the delayed, 10 per cent of 
the late fatalities, and in none of the animals that survived indefinitely. Severe 
nephritis was present in all the fatalities. It was much more moderate in the 

* Sobisminol Solution, N.N.R., contains “a complex organic bismuth product the chemi- 
cal nature of which has not been fully cstablisbed. It ia obtained by dissolving tbe products 
of the interaction of sodium bi smut hate, triisopropanolamine and propylene glycol in a 
mixture of propylene glycol and water. Each cubic centimeter of the solution contains 
between 19.5 and 20.5 mgm. of bismuth and 0.5 cc. of propylene glycol.” 
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animals that survived and were sacrificed after four weeks; in some of these no 
nephritis was noticeable on gross examination. 

Fatal doses. — Table 1 presents the fate of the rabbits with single fast injections 
of the various bismuth compounds, arranged in descending order of dosage. 
They show that the LD« (the dosage that is lethal for two thirds of the animals), 
when injected intravenously into rabbits in about ten minutes, corresponds 
approximately to 4 mgm. of Bi per kilogram of body weight with sobisminol, 
to 2.5 mgm. with the citrate, and to 3.5 mgm. with the thioglycollate. Excluding 
the acute fatalities from these data does not change the LDcc. The difference in 
the LDce of these compounds, as related to fast intravenous injection, is not 
large and may fall within the limit of statistical error. Our figure for sobisminol 
agrees closely with those given by Hanzlilc, Lehman and Richardson (5), viz. 
4.2 for LDee, 6.3 for LD l0l) ; that for sodium bismuth citrate approximates that 
of Longley, Clausen and Tatum (6). With thioglycollate, Gruhzit, Lyons and 
Perkins (7), reported an LDioo of 8 to 10 mgm., which is almost three times 
our LDeo figure. 

Table 2 presents the toxicity of “slow injections .” With these, the LDto is 

10.5 mgm. with sobisminol, 5.0 with the citrate, 2.8 with the thioglycollate. 
Comparison of the fast and slow injections shows that with the latter method the 
toxicity of all is reduced approximately by one half, excepting the thioglycollate, 
which appears actually more toxic with slow than with fast injections. This 
is due to the high incidence of acute fatalities during or at the end of the injec- 
tion, and is perhaps caused by a physical change of the labile thioglycollate during 
the slow injection, or during the prolonged sojourn in the blood-stream which 
was shown by studies of its blood concentration in dogs; these data will be 
presented later in the paper. 

Table 3 shows the fate of the rabbits with repeated slow injections, the aim 
being to administer five equal fractions on successive days, by the technic de- 
scribed for single slow injections. The results appear too irregular to assign a 
definite L.D. The complication is due chiefly to the incidence of fatalities 
during or shortly after relatively small final doses. Our impression is that 
spreading the dosage over five days decreases the late toxicity somewhat, but not 
to a practically important extent, and that it increases the liability to acutely 
fatal reactions in a very dangerous degree. 

Incidence of acute deaths. — Animals that die during or within a few minutes 
after the injection show pulmonary distention and other phenomena of floccula- 
tion shock, differing materially from the fatalities that occur later. They evi- 
dently belong to a different category. In a sense they are “accidental,” in- 
volving some peculiar factor which is not clearly related to the dosage. The 
fatalities with single fast injections occur with relatively small doses (3.5 and 

2.5 mgm. for sobisminol, 5 mgm. for the citrate), and at a considerably higher 
dosage with slow single injections (14.2 and 38 mgm. for sobisminol; 15 mgm. for 
citrate; 34, 25, 18, 4 and 2.8 for thioglycollate). The incidence (the ratio of 
acute deaths to all injections) is about twice as great for fast as for slow single 
injections with sobisminol (fast, 2:9; slow', 2:20) and citrate (fast 1:9; slow 
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1:16). Thioglycollate shows a peculiar behavior, since none of the six rabbits 
with fast injections died, but 5 out of 9 did with slow injection. We suspect 
that this may be due to the instability of the thioglycollate solution during the 


TABLE 1 

Outcome of single fast intravenous in- 
fection of bismuth compounds for 
rabbits 

The bismuth compound was dissolved 
in 5 cc. of 6 per cent dextrose and in- 
jected, generally at the rate of 0.5 cc. 
per minute, so that the total injection 
usually required 10 minutes. 


DOSE ASUQ». 
Bi feb roM. 

SOBlSirrNOL 

NaBi 

CITRATE 

NaBi 

THIO- 

ODTCOL- 

LATE 

0 



+ ld. 

7 



+ 4d. 

B 

+ 4d. 

+ 5m. 


5 

+ 5d. 

+ 5d. 


3.5 

+ end of inj. 


+ 21 d. 

3.6 

K 34 d. 


+ 2d. 

3.6 

K 37 d. 



3.0 


+ 6d. 

+ 8d 

3.0 


+ 8d. 

K 37 d. 

3.0 


+ 10 d. 

K 41 d. 

3.0 


K4td 


2.5 

+ during inj. 

+ lld 


2 5 

K 35 d. 

+ 14 d. 


2.5 

K 43 d. 

+ 33 d 


2 0 

K 35 d. 



LDm 

4 tDgm. 

2.5 mgm 

3.S mgm. 

(approximate) 





Abbreviations: d ■=■ day; m. — min ; + “ tima of 
death; K = time of sacrifice; h «» hour. 


TABLE 2 

Outcome of single slow intravenous in- 
jections for rabbits 

Most of the injection volumes were 250 
cc. in 8 hours; some 500-600 cc. in 10 to 
14 hours. 


dose As’wast. 


Na Bi 

NaBirmo- 

Bl FZlttxOVI. 


CITRATE 

CLTCOLLATE 

34-40 

+ dur. inj. 
+ ld. 


+ dur. inj. 

25-23 

+ 3 d. 

+ 5 d. 


+ dur. inj. 

15-20 

+ 3 d. 

+ 3d. 

+ fld. 

+ dur. inj. 

+ end of inj 

+ end of inj. 

12-15 

+ 6d. 

+ ld. 

+ 4d 


+ 8d. 

+ 8d. 

+ 19 d. 

+ 3 d. 


10-11 

+ Bd. 

+ 8d. 



+ 7d 
+ 10d. 

+ 10d 

K 38 d. 

K 39 d. 

+ 8d. 


9.5 

K 58 d. 



8.0 

K 70 d. 



8.0 


+ 9d. 

K 50 d. 


7.0 


+ 4 d. 

+ 4d. 


6.0 


+ 2d. 

+ 8 d 
+ 10 d. 


5.0 


+ 9 d. 

+ 18 d. 

K 57 d. 


4.0 



+ end of inj. 

2.8 



+ dur. inj. 

2 5 


K 67 d 

+ 14 d 

K 51 d. 

K6t d. 

LDu 

10.5 mgm. 

5.0 mgm. 

2.8 mgm. 

(approximate) 





long injection, although special care was taken to minimize this by protecting 
the solution against light and by renewing it at one to four hour intervals. 

The incidence of acute deaths appears distinctly higher for repeated injections 
than for single injections, double in the case of sobisminol (3:14 repeated as 
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against 2 : 20 for single) ; four times for citrate (2 : 8 repeated, 1 : 1 6 single) . For 
thioglycollate, however, the incidence of acute deaths was lower for repeated 
injections (1:4) than for single slow injections (5:9). The dosage at which 
acute death occurred is strikingly different for repeated and single slow injections. 
The amount of bismuth which was injected during the last of the series of re- 
peated injections in which acute death occurred ranged between 0.7 to 2.5 mgm., 
median 1.6 mgm., while for single slow injections it ranged between 2.8 and 40 
mgm., median 16 mgm. The median dose at which acute death occurred in 

TABLE 3 


Outcome of repeated (daily) slow intravenous injections for rabbits 


MOM. Bi 
KOM. AT 
EACH 
INJ. 

SOBIBMINOL 

Na Bi CITRATE 

Na Bi THIOOLTCOLLATE 

Number 
of doses 

Total 
Bi ! 


Doses 

Total 

Bi 
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16.7 
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24 

+ 

2d. 









12 

12; 12 

24 

+ 

2 d. 
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+ 
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3.8; 1.9 
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4J 
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+ 

during 










41 
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IC 

38 d. 










31 
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+ 
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3 
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+ 

end inj. 
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2.0 

5 

10 

K 

39 d. 

5 

10 

+ 
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5 
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5 

10 

K 
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5 
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K 
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5 

10 

It 
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1 
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+ 
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5 

5 

+ 
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5 

5 

+ 
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1 

5 

5 

K 

31 d. 

5 

5 

It 

28 d. 

5 

5 

K 
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1 

5 

5 

K 

43 d. 

5 

5 

If 
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5 

5 

If 

48 d. 

1 

5 

5 

It 
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5 

2.5 

+ 
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Fast 





5 

2.5 

It 

33 d. 





LD«t — total bis- 
muth— mgm. 
per kgm. (ap- 
proximate) 


| 

1 

1 






repeated injections is therefore only one tenth that for single slow injections. 
The proportion of such fatalities increased noth the number of repeated injec- 
tions, for of the twenty six rabbits injected repeatedly, none died acutely with 
the first or second injection, two died with the third, one with the fourth and 
three with the fifth injection. We are inclined to attribute the acute deaths 
from small doses after repeated injections to thrombosis and embolism, arising 
from trauma and inflammation of the delicate vein of the rabbit’s ear. Floccula- 
tion between blood and the bismuth solution is not materially hastened by re- 
peated injections, as was seen by layering the bismuth solutions over serum and 
also by mixing serum with the solution to obtain a bismuth concentration com- 
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parable to that during injection of intact animals. Flocculation was visible 
in I 5-2 hours and precipitation in 14-18 hours, alike in the serum of rabbits that 
had not been injected with bismuth, and of those that were killed 4-16 hours 
after receiving five slow intravenous injections of the various bismuth solutions. 

Time of death in relation to dosage. — Figure 1 shows that the dosage has a 
marked effect on the time of survival, both with slow and with fast injections. 
The average dosage of bismuth that kills rabbits in one day is 18 mgm. per 
kilogram, with slow' injection; half of this dosage requires an average of nine 
days to kill. With fast injection, an average of 9 mgm. is fatal in one day and 
half of this kills in five days. The curves are somewhat parabolic; they are 
similar for the three compounds and for fast and slow injections; the few data 



Fig. 1. Relation of Dosage to Survival Time, with Intravenous Injections of 
Bismuth Salts 

on repeated injections also run in the same direction. Rabbits that survive 
ten days generally recover. 

Comparison of bismuth toxicity with intramuscidar injections of watery solutions. 
— Even the slow intravenous injections are considerably more lethal to rabbits 
than intramuscular injections, for according to the data recorded in the literature 
the intravenous fatal dose is probably of the order of one fifth to one tenth that 
of the intramuscular injections. 

More accurate comparisons are not feasible since the published data involve different 
criteria of survival and different periods of observation. For sobisminol, whoso median 
LDs» we found to be 10.5 mgm. per kilogram by slow intravenous injection, Hanzlik, Lehman 
and Richardson (5), found a LD 140 of 77 mgm. per kilogram for intramuscular injection, a 
ratio 1:7. For sodium bismuth citrate we found 5 mgm. for slow intravenous injection. 
Longley, Clausen and Tatum (6) give 10 mgm. as a "tolerated” intramuscular dose, a ratio 
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of 1:2. Leonard (8) reports 200 to 300 mgm. as the LD 10 o, a ratio of 1:40. For sodium bis- 
muth thioglycollate we found 2.8 mgm. for slow intravenous injection; Gruhzit, Lyons and 
Perkins (7) give the LDm as 10 to 12 mgm., a ratio of 1:4. 

Toxic effects in dogs. Intravenous toxicity for unanesthetized dogs.— The 
animals were trained daily for a week by loose strapping with elastic bandage to 
an animal board, and by fixed extension of the leg in which injections were to 
be made. Following the training period there was no serious difficulty in in- 
jecting the bismuth in 500 cc. of 5 per cent dextrose solution into the pedalic 
vein over periods of 41 to 8 hours. Sobisminol was administered to all animals 
excepting one, which received the citrate. Three dogs that received a single 
sloiv intravenous injection of sobisminol in doses corresponding to 11, 7, and 7 
mgm. bismuth per kilogram died in 3, 5 and 5 days respectively. Two injected 
with 5 mgm. of Bi as sobisminol and one with 3 mgm. as citrate survived in- 
definitely and were killed in 90, 36 and 60 days respectively. The LD ee lay 
between 7 and 5 mgm. per kilogram, i.e., about half the LDss of rabbits given 
slow intravenous injections (10.5 mgm.). Dogs appear therefore somewhat 
more susceptible to intravenous bismuth poisoning than are rabbits, inagree- 
r ment with the observations of Levaditi (9) and Brabant (10), but thedifference 
is not beyond the range of statistical error. Repealed slow injections were made 
in two unanesthetized dogs each receiving five injections of sobisminol on suc- 
cessive days; one dog was given 2 mgm., the other 1 mgm. of Bi in each injection, 
making the total dose 10 and 5 mgm. respectively. Both survived until they 
were killed, after 38 and 34 days respectively. Although the data' are few they 
indicate that perhaps a somewhat higher total dosage may be tolerated if it is 
spread over several days. The symptoms in delayed poisoning in dogs as in 
rabbits appeared to depend solely on the degree of kidney damage, and this in 
turn on the dosage of bismuth. Fatal cases developed the lethargy of uremia. 
If the dose was less than fatal, the animals remained in apparent good health 
during the observation period. ''Alien they were sacrificed the autopsy revealed 
varying degrees of kidney damage. There were no indications of bloody diar- 
rhea, peripheral neuritis or encephalopathy. 

Toxicity of intravenous injections in anesthetized dogs . — This was observed in- 
- cidental to the study of the rate of disappearance of bismuth from the blood. 
The dogs were under barbiturate anesthesia (sodium isopropyl ethyl barbiturate 
75 mgm. kgm. or sodium isopropyl allyl barbiturate 50 mgm. kgm.). The slow 
injections were made as in the unanesthetized dogs. Death occurred acutely 
at the end of the injection in the three dogs that received sobisminol in ten 
minutes; the dose of Bi was 2 mgm. per kilogram in one dog, 4 mgm. per kilogram 
in the others. The other 12 dogs survived at least 41 hours after the end of the 
injection of 4 mgm. per kilogram of bismuth; two of these dogs were injected with 
sodium bismuth thioglycollate in ten minutes, two with sobisminol in twenty 
minutes, two with sobisminol and six with thioglycollate for 41 hours. One of 
the latter died 4J hours and one 36 hours after the end of the injection. It 
would appear that sobisminol is especially liable to produce acute death in 
anesthetized dogs if it is injected rapidly, i.e., within ten minutes, and that sub- 
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acute death may occur even with slow injection of the thioglycollate in the dose 
of 4 mgm. of Bi per kilogram which did not cause death in any of the nonancs- 
thetized dogs. The explanation of the apparent potentiating effect of anesthesia 
on the acute and subacute bismuth toxicity is not clear. 

Sojourn of bismuth in the blood . — The difference in therapeutic and toxic effects 
of slow and fast intravenous injections of bismuth compounds would depend 
chiefly on the level of concentration that is attained and maintained in the 

TABLE 4 


Bismuth concentration in blood of dogs (mgm. Bi per 100 cc. of whole blood) after intravenous 
injection of soluble bismuth salts, in the ratio of 4 mgm. Bi per kgm. of body weight. 
Barbiturate anesthesia 
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73 ’ 

12 

15.5 

Sobis. 

0.800 

0.308 

0.20S 

0 132 

0.036 


82 

B. SLOW INJECTIONS (41 TO BOORS) 






During injection 

After injection 






SO am. 

SO min. 

End 

30 min. 

80 rain. 

270 min. 



3 

24.0 

Sobis. 

0.071 

0.174 

0.247 

0.100 

0.0S2 



94 

8 

13.6 

Sobia. 

0.0M 

0.084 

0.100 

0.070 

0.044 

0.021 


97 

4 

28.0 

Thiob. 


0.071 

0 350 

0.357 

0 364 

0.342 


92 

7 

13.9 

Thiob. 

0.121 

0.142 

0.200 

0.166 

0.200 

0.214 


95 

13 

15.3 

Thiob. 

0.077 

0.110 

0.130 

0.092 

0.077 

0.074 


97 

14 

17.5 

Thiob. 

0.036 

0.092 

0.133 

0.100 

0.075 

0.056 


97 

9 

24.6 

Thiob. 











Plasma 

0.069 

0.3S3 

0 440 

0.114 

0.300 

0.182 


87 



Cells 

0.011 

0.063 

0.0S9 

0.098 

0.06S 

0.025 



10 

24.6 

Thiob. 











Plasma 

O.OS1 

0.355 

0.325 

0.250 

0.2S5 

0.120 

0 051 

91 



Celia 

0.0-10 

0.032 

0.076 

0 09S 

0.068 

0.051 

0.051 



blood. This was studied on dogs under barbiturate anesthesia (same as above), 
by injecting 4 mgm. of bismuth per kilogram of body weight, cither as sobisminol 
or as sodium bismuth thioglycollate, as fast injections in 10 minutes for thio- 
glycollate, in 20 minutes for sobisminol ; and as slow injections in 4§ to 5^ hours for 
both. Samples of blood representing 5 cc. per kilogram were withdrawn at the 
end of the injection, and at 10, 30, 90 and 270 minutes after the end of the in- 
jection; in slow injections samples were also taken at a half hour and 1| hours 
during injection. The samples, about 100 cc. each, were analyzed by the method 
described below for rabbit organs. The results are shown in table 4 as milligrams 



. 'Bi.per looca. whole, blood. 
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of bismuth per 100 cc. of whole blood; the medians are plotted ns curves in 
figures 2, 3 and 4. 

With the fast injections, the fall of bismuth concentration is represented by 
parabolic curves which are fairly parallel in the four experiments, although the 
initial concentration was about twice as high for sobisminol injected in 20 minutes 
as for the thioglycollate injected in 10 minutes. The median concentrations, 
as shown in figure 2, averaged 0.641 mgm. Bi per 100 cc. at the end of the in- 
jection; this had fallen to somewhat less than half (0.295 mgm.) in ten minutes, 
to about one third (0.220 mgm.) in 30 minutes, to one fourth (0.155 mgm.) in 
90 minutes; and to one sixth (0.100) in 4^ hours. By this time the concentration 
curve was almost horizontal. With the slow injections (4£ hours) the median 
concentration of the six experiments, as shown in figure 2, rose slowly during 
the injection, in the form of a parabolic curve, to 0.167 mg. Bi per 100 cc. of 
whole blood, and then descended as a parabolic curve, to three-fifths (100 mgm.) 
in a half hour, to half (80 mgm.) in 1| hours, and from there it was almost hori- 
zontal. Comparing the median data and curves of the fast and slow injections, 
it appears that the bismuth concentration at the end of the injection is about' 
four times higher in the fast than in the slow injection, but that the difference is 
of rather short duration. In about two hours after beginning the injection the 
blood concentration is about the same for fast and slow injections. The total 
bismuth equivalent of the blood expressed by the area of the median curves (the 
product of concentration multiplied by time) is about 19 per cent greater for the 
fast than for the slow injections, and in this sense and to this degree the fast 
injections would appear to have greater efficiency (toxic or therapeutic) than the 
slow injections. However, this difference may not be statistically significant. 

Further examination of the six slow injections show’s that they fall into three 
groups, each with two experiments of almost identical concentration curves, 
shown in figure 3: The tw r o sobisminol animals (3 and 8) and two of the thio- 
glycollate animals (13 and 14) give very similar figures, with the typical parabolic 
rise of concentration during the injection and the inverse parabolic fall after the 
injection. The other two thioglycollate experiments (4 and 7), however, gave 
a materially different curve: The ascending limb of the curve during the injec- 
tion did not flatten out but reached a median level twice as high as that of the 
other two thioglycollate animals, and w’hen the injection was stopped the con- 
centration did not fall but continued practically horizontal for the 4| hours of 
observation. In other words, the bismuth did not leave the circulation, as it 
did in the other animals, indicating that the thioglycollate bismuth is liable to 
pass into nondiffusible, presumably colloidal form in the course of the injections. 

Fio. 2 shows the median concentration after fast (solid line) and slow (broken line) 
injections and their time-relations. 

Fxa, 3 shows the average bismuth concentrations after slow injection of sobisminol 
(solid line) and two specimens of thioglycollate (broken and dotted lines). _ 

Fia. 4 shows concentration of the average bismuth blood plasma (solid line) and cor- 
puscles (broken line). 
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This tendency varies in different specimens, those of injections 4 and 7 coming, 
from one lot, those of 13 and 14 from another. 

The concentration curves of plasma and corpuscles were determined separately 
in two dogs killed by thioglycollate injections (of the same lot as 13 and 14). 
The median curves (fig. 4) show that thioglycollate bismuth enters and leaves ' 
the red blood cells much more slowly than the plasma, so that the bismuth 
concentration ratio of plasma: corpuscles stands about 4.4:1 at the end of the 
injection, 4: 1 at 4£ hours after the injection, and 1:1 at the end of 24 hours. 

The speed with which the bismuth leaves the blood during the injection may be 
calculated by deducting from the quantity injected (4 mgm. per kilogram) 
that which remains in the blood at the end of the injection (the concentration, 
in milligram Bi per 100 cc. of blood, multiplied by the normal blood volume, 90 
cc, per kilogram of body weight). The percentage of bismuth which has left 
the blood by the end of the injection is shown in the right-hand column of table 
4. It averages 90 per cent for thiobismol injected in 10 minutes; 78 per cent for 
sobisminol in 20 minutes, 95 per cent for thiobismol in 5 hours, 95.5 per cent for 
sobisminol in 5 hours. 

The bismuth concentration of rabbit organs after intravenous in- 
jection of bismuth. This is important especially as a basis of comparison with ,, 
clinical administration, for while it is questionable whether bismuth is thera- 
peutically active after it has been deposited in the organs, their bismuth content 
reflects the amount of bismuth that has passed through the circulation. Analyti- 
cal data on clinical material are available for such comparisons, as are also results 
with intramuscular administration to animals. The analyses of the present 
series were performed chiefly by G. H. Mangun, with the method used in pre- 
vious work in this laboratory (11), with the following modification which short- 
ened the time necessary for analysis. Wet ashing was replaced by muffle ashing 
at 500°C. for 12 to 24 hours, after about 1 to 100 grams of tissue had been 
evaporated with five times its weight of concentrated nitric acid and a few' drops 
of caprylic alcohol to prevent foaming. The reading was made with a Klett- 
Summerson photoelectric colorimeter. An average determination can be 
completed in 24 to 48 hours. 

The analyses give the bismuth content as milligrams of bismuth per 100 gram 
of organ with its natural moisture. Since it may be expected that the dosage 
would have a very material effect on the concentration, this has also been reduced 
to a unit dosage, giving a quotient: 

concentration = mgm. Bi per 100 grams of organ 
dosage = mgm. Bi administered per kilogram of animal 

For convenience we may designate this as “bismuth retention quotient” ( B.R.Q 
The time which elapsed between the injection of bismuth and the death of the 
animal is another factor which would influence the organ content. From this 
standpoint, the experiments were grouped under five headings : ( A ) Acute death, 
occurring within two hours after injection; (B) Early death, occurring within 
two hours to one day after injection; (C) Delayed death, occurring > one to 
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8 days after injection; (D) Late death, occurring > 9 to 24 days after injection; 
(E) Indefinite survival, killed in 30 to 69 days. A selection of 79 animals for 
analysis was made from these groups so as to give representation to fast and 
slow single injections and to repeated injections of various dose ranges of the 
three bismuth compounds studied. In practically all of these the bismuth was 
determined in the kidneys, liver, lung and spleen, and in a few animals also in 
other tissues; the data represent a total of about 350 bismuth determinations. 
The B.R.Q/s were calculated and tabulated in relation to the three compounds 
studied, to their dosage, to the speed of injection, and to single and repeated 
injections, so as to learn what effect these factors have on the retention of bis- 
muth. Space is not available for the display of the individual data, so thatwe 
must be content to summarize the results: When the bismuth-retention quo- 
tients are plotted in decreasing sequence against varying doses of the three com- 
pounds, these sequences are scattered so irregularly that the two factors, dose 
and compound, do not appear significantly to alter the quotients. Nor are there 
consistent and significant differences between fast and slow injections. Re- 
peated injections give somewhat lower figures than single injections, presumably 
because part of the bismuth is eliminated between the first and last day of injec- 
tion. The difference, however, is slight, except in one or two instances in which 
it may have been accidental. 

It seems justifiable therefore to base conclusions on the medians of the entire 
series. These are shown (with the range) in table 5. The concentrations in 
the kidneys and lungs fall with time in fairly smooth parabolic curves. The 
liver concentration appears to rise for a day, but this may be accidental since 
the one-day data are few. It then declines parallel to the kidneys and lungs. 
According to the data of the smoothed curves, the concentration in kidney, liver 
and lung falls to about one half between the end of the first and fifth day after 
injection, to one fourth by the tenth day, to one eighth by the fortieth day. 
The spleen concentration follows a different course, rising markedly to the fifth 
day and then declining much more abruptly than that in other organs. It ap- 
pears therefore that the kidneys and lungs store bismuth rapidly, the liver and 
spleen more slowly. Table 6 expresses the median concentration of Bi in these 
organs as percentages of the kidney concentration. The liver ratio is seen to rise 
progressively with the lapse of time, from 17.1 per cent immediately after in- 
jection to 46 per cent after 41 days, so that the liver retains bismuth more te- 
naciously than the kidneys. The ratios in the lung and spleen rise for 5 days, 
from 6.8 to 13.8 per cent for the lung, from 11 to 93 per cent for the spleen, but 
after this time they drop more rapidly than those in the kidney. The tenacious 
retention therefore appears peculiar to the liver. This may be connected with 
storage in the rcticulo-endothelial system. 

The bismuth concentration in the fluids is shown in condensed form in table 7. 
The number of animals is not sufficient to establish relations for dosage and bis- 
muth compounds, except that these w'ere less than the accidental variations. 
They are therefore disregarded. The principal deductions are, (I) that the bis- 
muth concentration of the urine and blood sinks to insignificant traces after 6 or 
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7 days; the urine concentration averages about 10 times that of the blood, the 
peritoneal edema fluid about one and a half times that of the blood (presumably 
because of the lower concentration in the blood corpuscles). (2) Till the fourth 
day the blood concentration averages about one-fifteenth of the liver concentra- 

TABLE 5 


Bismuth concentration in organs of rabbits 



A. AC DTE DEATH 
(within i HOUR 
AFTER INJECTION) 

B. EARLY DEATH 
(2 HOURS TO 

1 DAY) 

c. DELAYED DEATH 
(1 TO 8 DAYB) 

D. LATE DEATH 
(0 TO 24 DAYS) 

E. SACRIFICED 
(28 TO 60 DATS) 

Number of ani- 
mals ana- 
lyzed 

12 

6 

23 

13 

25 


Concentration of Bi (mgm. per 100 grams of fresh organ) 


Kidneys 






Range 

1.94 -43.4 

4.32 -8.62 

0.57 -6.8 

0.32 -2.7 

0.05 -1.19 

Median 

8.0 

6.12 

1.78 

0.83 

0.27 

Liver 






Range 

0.14 - 8.6 

0.52 -6.93 

0.07 -3.58 

0.06 -0.91 

0.03 -0.28 

Median 

1.37 

1.72 

0.58 

0.296 

0.124 

Lung 






Range 

0.05 -11.9 

0.07 -0.53 

0 -1.09 

0 . -0.37 

0 -0.05 

Median 

0.54 

0.15 

0.245 

0.03 

0 

Spleen 






Range 

0 - 5.9 

trace-5.38 

0 -6.05 

0 -1.78 

0 -0.235 

Median 

0.89 

0.77 

1.65 

trace 

0 


Bismuth-retention quotient (concentration divided by dosage as mgm. Bi per kgm. of 

body weight) 


Kidneys 





1 0.005-0.180 

Range 

0.25 - 2.46 

■ 0.15 -1.72 

0.077-1.36 

0.036-0.360 


Median 

0.800 

0.671 

0.163 

0.204 

0.076 

Liver 






Range 

0.034- 0.890 

0.082-0.176 

0.009-0.266 

0.018-0.091 

0.003-0.087 

Median 

0.084 

0.139 

0.053 

0.054 

0.023 

Lung 






Range 

0.016- 0.313 

0.013-0.029 

0 -0.232 

0 -0.074 

0 -0.009 

Median 

0.061 

0.022 

0.020 

0.002 

0 

Spleen 





0 -0.067 

Range 

0 - 0.520 

trace-0.359 

0 -1.20 

0 -1.78 

Median 

0.101 

0.0S3 

0.210 

trace 

0 


tion; the urine concentration averages about a third that of the kidney till the 
sixth day. After this the concentration falls much more rapidly in the fluids 
than in the organs. (S) The concentration in the gall bladder bile follows a some- 
what different course: Only a trace is found at the end of the injections, but it 
remains at relatively high levels from one to 9 days (the latest that was exam- 
ined) . It averages two-thirds of the liver concentration and in one rabbit the bile 
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table c 


Median bismuth concentration of rabbits, organs as percentage of kidney concentration 


onotrp 

MEDIAN TIME OF DEATH 

LIVER 

LTTNO 

SPLEEN 

A 

End of injection 

17.1 

6.8 

11.1 

B 

1 day 

23 

2.4 

11.0 

C 

5 days 

32.7 

13.8 

93.0 

D 

10 days 

36 

3.6 

trace 

E 

41 days 

46 

0 

0 


TABLE 7 

Bismuth concentration in fluid of rabbits ( at time of death ) 


TIME Or DEATH 

NUM- 
BER or 

ANT- 

! 

BISMUTH CONCENTRATION, MOM 
PER lOOCC. (BANOS) AND MEDIAN 

bismuth co.vce.vtra n o w ah 

PERCENTAGE OF CONCENTRA- 
TION IN OTHER FLUIDS OB 
OROANS OF SAME ANIMALS 
(RANGE) AND MEDIAN 

Urine in bladder at time of death 

End of injection (8 hours) 

4 

4 

(0.38-7.6) = 1.6 

(0.34-3.1) «= 1.8 
(trace-0.89) = 0.64 

(0-0.67) = 0.05 

(4.6-127) = 27% of kid- 
neys 

(4-51) = 29% of kidneys 
(trace-70) «= 33% of 
kidneys 

(0-11.2) = 3% of kid- 
neys 


6 


7 


1 


4 1 


0 




Blood 




3% of urine; 2.3% of 
liver 

(9.6 and 39) = 25% of 
urine; 7.3 and 9.2 = 
8.3% of liver 



(0.06 and 0. OS) = 0.07 

(trace to 0.195) = trace 
(0 to 0.009) = 0 



26, 66 and 69 days 

3 1 

0 

Peritoneal edema fluid 


4 

(trace-0.167) = 0.W5 

4 days = 140% of blood; 
(13 and 20) = 16.5% 
of liver 



Bile in gall bladder (sobisminol injected) 







(1.9 and 3.03) = 2.5 

(0.33 to 3.22) = 1.34 

(43 and 66) = 55% of 
liver 

(44 to 230) = 85% of 
liver 


3 
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concentration was 2| times that of the liver. In a rabbit dying on the first day 
after injection the bile and urine concentration were about equal: in another 
dying seven days after injection, the bismuth concentration in bile was ten times 
that in urine. Sobisminol had been injected in all rabbits whose bile was 
examined. 

Bismuth determinations in other solid organs. — A rabbit that died acutely at the 
end of the slow injection of a large dose of sobisminol (38 mgm. Bi per kilogram) 
gave the following bismuth concentrations (mgm. Bi per 100 grams) : Skeletal 
muscle, 0.31; bone, 0.333; brain, 0.42; heart muscle, 2.8; intestines, 2.8. The 
concentration in the heart muscle and small intestines was about nine-tenths 
that of the liver; in the skeletal muscle and bone, about one tenth. The rela- 
tively high Bi content of the heart muscle may have been due to retention of bis- 
muth flocculations in the coronary capillaries. The intestines offer a special 
problem by the precipitation of bismuth sulfide in the mucosa of the large in- 
testines, especially about the spiral valve of the cecum. The small intestines 
usually contain only a fraction of the liver concentration of bismuth (0.071 mgm. 
per 100 grams in one day, 0.74 in three days, trace in fifty seven days, one rabbit 
each). The stomach in a one day rabbit contained 1.71 mgm. per 100 grams. 
The large intestines, however, contained 13.1 and 13.4 mgm. per 100 grams, in a 
one day and a three day rabbit, 20 to 200 times as much as the small intestines, 
3 to 4 times as much as the kidneys, 4 to 5 times as much as the liver. The mu- 
cosa alone is responsible for the high concentration: In a one day rabbit, the 
concentration in the mucosa of the cecal valve was 17.6 mgm. per 100 grams, 
that of the underlying intestinal muscle was 1.55 mgm. per 100 grams. Even 
57 days after injection the mucosa of the cecal valve of a rabbit gave 7.31 mgm. 
Bi per 100 grams, 53 times the concentration in the liver. The mucosal deposits 
are therefore retained with great tenacity, but it may be seen from the color that 
they undergo chemical changes; up to five weeks they have the brownish black 
color of bismuth sulfide, and subsequently they bleach slowly to the gray of 
metallic bismuth. Some of the animals sacrificed after 10 weeks showed no bis- 
muth stain. The feces examined in one rabbit, which died three days after in- 
jection, had a bismuth concentration, 5.97 mgm. per 100 grams, 30 times the 
concentration in the urine. 

Comparison with the data of other authors shows a bismuth retention quotient in 
rabbits’s kidneys and liver identical with ours for the intravenous injections of 
sobisminol (Hanzlik, Lehman, and Richardson) (5). The intramuscular in- 
jections of watery solutions (sodium bismuth citrate and tartrate, Leonard et al .; 
sobisminol, Hanzlik et al.) give organ concentration of 6 to 14 per cent of equal 
doses by intravenous injection. With intramuscular injections of oil suspensions 
of the tartrate or citrate (Leonard et al.), the difference is not so great, but the 
organ concentration averages less than half (24 to 45 per cent) of that of equal 
doses by intravenous injection. 

The bismuth concentrations in the organs of dogs. These were studied 
in nine animals, some with and some without anesthesia, with intravenous in- 
jection of 4 to 13 mgm. of Bi per kilogram, in the form of the three compounds, 
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2 with fast and 7 with slow injections. The data are irregularly distributed 
among these factors, so that these may be disregarded for this study. The sum- 
marized results are shown in table 8. Comparison of this with table 5 in which 
the results for rabbits are similarly arranged, show that the concentrations in all 
the organs tend to run several times higher for dogs than for rabbits with equal 
doses. The cause of this is not known, but it is conceivable that rabbits elim- 
inate bismuth faster, by urine and by precipitation of sulfide in the intestinal 
mucosa, especially in the earlier periods. This may also explain why the in- 
travenous toxicity of bismuth is somewhat lower with rabbits. 

Total bismuth distribution in the body . — Table 4 showed that an average of 86 


TABLE 8 

Bismuth concentration in organs of dogs 



AT END 
or FAST 
(10 WIN ) 
INJECTION 

4j UO UFA 

AFTER 

END or 
EAST (7 

jrcnON 

4J HOURS AFTER END Or 
SLOW (4} HOCK) INJECTION 

c 

2 TO 4 DATS AFTER SLOW 
INJECTIONS 

31 TO 42 DATS AFTER 
BLOW INJECTIONS 

Number analyzed 

1 | 1 | J | 2 | 3 

Concentration of Bi (mgm. per 100 grama of fresh organ-range and average) 

Kidney 

Liver 

Lung 

Spleen 

Blood 

5.40 

0.92 

0.25 

1.06 

13.1 

0.21 

0.19 

0.30 

0.094 

8.71 -26.0 = 17.36 
0.13-0.14 = 0.14 
0.57-0.15 = 0.36 
0.18 = 0.18 
0.21 - 0.021 = 0.12 

6.00 -5.30 = 5.65 0.51 -1.44 = 1.25 

0.58 -0.71 = 0.65 2.05 -0.54 =0.53 
0.063 = 0.063 0.026-0.054 = 0.050 

0.31 -0.38 = 0.35 0.044-0.145 = 0.144 
0.014-0.013 - 0.014 

Bismuth-retention quotient (concentration divided by dosage, mgm. per kgm. of 
body weight) 

Kidney 

Liver 

Lung 

Spleen 

Blood 

1.35 

0.23 

0.064 

0.265 

3.2S 

0.053 

0.046 

0.075 

0.023 

2.13 - 6.5 - 4.32 
0.032- 0.036 = 0.034 
0.143- 0.037 = 0.090 
0.045 = 0.045 
0.053- 0.005 = 0.023 

0.86 -0.48 = 0.67 
0.082-0.064 = 0.073 
0.009 = 0.009 
0.044-0.034 = 0.039 
0.002-0.001 = 0.002 

0.10-0.25 =0.11 
0.010-0.107 = 0.011 
0.004-0.010 = 0.005 
0.009-0.029 = 0.011 


per cent of the administered bismuth has left the blood stream of dogs in the 10 
to 20 minutes occupied by the fast intravenous injection and an average of 95 
per cent has left during the slow intravenous injections lasting five hours. The 
major part of this has gone into the tissues, the remainder being excreted by the 
urine and feces. Table 9 presents the amounts found in the kidneys, liver, lungs, 
spleen and blood of dogs after various intervals up to 42 days; and table 10 gives 
the corresponding and more numerous dtita for the kidneys, liver and lungs of 
rabbits. These tables show' the actual amounts in each organ, as milligrams 
of bismuth, and the percentage of the injected dose which this represents. The 
data for rabbits arc shown as medians and range, to save space, without differ- 
entiation as to preparation or speed of injection, since it has been found that 
these do not materially alter the retention. 
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It will be seen that the percentage distribution of bismuth among kidney, liver 
and lung is of the same order of magnitude in the dogs and rabbits. During and 
within two hours after the injection about 3 to 5 per cent of the injected bismuth 
has gone into the kidneys, 6 to 10 per cent into the liver, 0.4 per cent into the 
lungs, 0.12 per cent into the spleen. During the remainder of the day the per- 
centage rises somewhat in the kidneys (to 7-10 per cent), and falls somewhat in 
the liver (to 1-4 per cent) and also in the spleen (to 0.1 per cent). Within the 
next week the percentage in all the organs has fallen considerably, in the kidney 

TABLE 9 


Total bismuth in organs of dogs after intravenous infections (number of animals analyzed, 

as in table 8) 



A 

AT END OF 
10 MIN. 
INJECTION 

B 

4$ HOURS 
AFTER END 
OF FAST 
INJECTION 

B 

4} HOURS AFTER 
end or SLOW 
INJECTION 

c 

2 TO 4 DATS 
AFTER BLOW 
INJECTIONS 

E 

34 TO 42 DATS AFTER 

SLOW INJECTIONS 

Dose of Bi, mgm. 
per kgm. body 
weight 

4 

4 

4 

7 and 11 

5, 5 and 13 

Total Bi injected, 






mgm 

88 

70.8 

51.4 and 55.6 

40.0 and 73.2 

24.1, 37.0 and 72.2 


Total Bi (mgm.) in organs 


Kidneys (both) 

2.4 

6.70 

6.56 - 5.14 


0.0S5-0.405 = 0.182 

Liver 

8.46 

1.00 



0.135-1.964 = 0.931 

Lung 


0.268 



0.022-0.044 = 0.037 

Spleen 

0.11 

0.14 



0.006-0.027 = 0.018 

Blood 

20.42 

1.50 

0.257- 2.677 




Percentage of injected Bi in organs 


Kidneys (both) 

2.80 

9.46 

1.20 - 

9.2 

3.44 -1.22 

0.35 -0.585 

= 0.49 

Liver 

9.88 

1.41 

0.69 - 

0.78 

2.72 -2.82 

0.56 -2.88 

= 2.57 

Lung 


0.38 

0.33 - 

1.4 

0.065- — 

0.06 -0.10 

= 0.09 

Spleen 

0.12 

0.19 

0.0S5- 

— 

0.07 -0.065 

0.025-0.05 

= 0.038 

Blood 

23.1 

2.12 

0.47 - 

4.8 

0.22 -0.12 




and liver to about 2.5 per cent, in the lungs to 0.1 per cent, and in the spleen to 
0.067 per cent. The decrease continues and in 4 or 5 weeks the kidneys contain 
about 0.45 per cent, the liver relatively more, (about 1 per cent), the lungs and 
spleen each about 0.034 per cent. These averages are approximate combinations 
of the dog and rabbit data. 

Comparison wtth clinical organ bismuth concentration. — Analytical 
data on the autopsy organs of twenty two patients treated clinically by courses of 
intramuscular injections of bismuth preparations, general! y subsalicylate, were 
published by Sollmann, Cole and Henderson (12). Table 11 shows the median 
concentration, regardless of dosage, for the principal organs of these patients, m 
comparison with the concentrations of our rabbits and dogs after single and frac- 
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tionated intravenous injections. At the end of the single intravenous injection 
in the animals the organ concentration averaged about twice as high as after a 
series of courses of intramuscular injections in the patients. The kidney con- 
centration fell to about half the clinical level in a week; but the concentration in 
the other organs remained about the clinical level for two months. The in- 
travenous dosage was higher than in a single clinical injection, but the median of 
the total clinical dosage is about 15 mgm. Bi per kilogram of body weight, which 
is two or three times the median intravenous dosage. 

The patients averaged a kidney content of 4.5 mgm. per 100 gram for each 
gram bismuth injected, equivalent in a 70 kgm. patient to a B.R.Q. of 4.5:15= 

TABLE 10 


Total bismuth in organs of rabbits after intravenous injections 



onoup a 

GROUP B 

osourc 

OBOUP D 

MBM 


Time of death after injection 


Within 2 hours 

2 hours to 1 day 

2 to 8 days 

9 to 24 days 

23 to 60 days 

Number of 

taupuli in. 

eluded 

8 

3 

10 

12 

23 

Median dose 
oIBiCmjfm 
per lcgm.). 

21.5 

5.0 

7.0 

5.5 

11 » 

Total Bi (mgm.) in organs, average and range 

Kidneys 

(both) 

Liver 

2.04 (0 34 -5.08) 
2.41 (0.103-5.83) 
0.181 (0.015-0.71) 

1 .230 (0.84 -1.8B) 
0.683 (0.62 -0.78) 
0.033 (0.019-0.049) 

0.513 (0.13 -1.53) 
0.462 (0.055-1.07) 
0.019 (0.041) 

0.220 (0.043-0 57) 
0.2S1 (0.034-0.950) 
0.014 (0.078) 

0.072 (0.013-0.131) 
0.118 (0.020-0.208) 
0.0005 ((H). 000) 



Percentage of injected Bi in organs (average) 


Kidneys 
(both).... | 

4.95 

7.08 

2.60 j 

1.206 

0.443 

Liver 

5.75 

3.72 

2.23 1 

1.533 

0 839 

Lungs ; 

0.41 

0.182 

0.095 1 

0 079 

0.034 


0.3. This quotient is less than that at the end of intravenous injection in rabbits 
(median 0.8) , and even after one day (median 0.G5) . It is about equal to that of 
five days after intravenous injection (median 0.35) . Beyond these times it rises 
above that of the intravenous quotient, which has the medians of 0.18 in 10 days, 
0.1 in 20 days, 0.08 in 40 days. The intravenous injection therefore secures a 
higher initial concentration, but beyond five days after a single intravenous in- 
jection the concentration falls below that produced by the intramuscular courses. 

From a smoothed curve of the data of table 5, one may calculate the amount 
of bismuth that must be given by a single intravenous injection to secure a con- 
centration of 3.33 mgm. Bi per 100 gram of kidney, at any time after the in- 
jection: Immediately after injection, this approximates 4 mgm. per kilogram; 
for one day after injection, 5 mgm. per kilogram would need to be injected; to 
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' have this concentration on the fifth day would require the initial injection of 10 
mgm. per kilogram; for the tenth day, 20 mgm.; for the twentieth day, 33 mgm.; 
for the fortieth day, 40 mgm. Even the smallest of these quantities, 4 mgm. per 
kilogram of 280 mgm. for a 70 kgm. man would appear far too dangerous. Klau- 
der (3) injected patients twice a week intravenously with colloidal bismuth hy- 
droxide, equivalent to 1 mgm. of bismuth per kilogram of body weight, without 
untoward effects, but the acute fatality of Curtis occurred with about 0.25 mgm. 
of bismuth (as sodium bismuth tartrate) per kilogram of body weight. 

Antisythilitic efficiency of intravenous bismuth preparations. — The 
question whether the extra high bismuth concentrations that are secured tem- 
porarily by intravenous injection add materially to the efficiency of bismuth 

TABLE 11 


Median concentration of bismuth (mgm. per 100 grams of fresh tissue), regardless of dosage 


SERIES 

KID NET 

LIVER 

LUNO 

SPLEEN 

BLOOD 

Patients after clinical 






courses of intramus- 






cular injections 

3.33 

0.6S 

0.085 

0.155 

0.05 

Intravenous, rabbits 






End of injection 

7. 67 

1.37 

0.538 

0.893 

0.065 

1 day to 1 week 

1.69 

0.520 

0.250 

1.40 

0.07 

9 to 24 days 

0.831 

0.164 

0.038 

trace 

trace 

28 to 60 days 

0.268 

0.182 

0 

0 

0 

Intravenous, dogs 






End of injection 

16.4 

0.92 


0.25 

1.06 

4 hours after injection. 

13.1 

0.140 

0.185 

0.300 

0.094 

2 and 4 days 

5.7 

0.642 

0.063 

0.347 

0.014 

34 to 42 days 

1.250 

0.533 

0.050 

0.144 



treatment of syphilitic infections can only be answered by direct experiments. 
Dr. Hanzlik has started to investigate this on rabbits. 

SUMMARY AND CONCLUSIONS 

Three special water-soluble bismuth compounds — sodium bismuth citrate, 
sodium bismuth thioglycollate, and sobisminol, were injected intravenously into 
rabbits and dogs, comparing the “drip method” of very slow injection of dilute 
solutions extending continuously over four to ten hours, with injection of the 
same doses at the usual rate of ten to thirty minutes; the entire amount being in- 
troduced either on one day, or spread over several successive days, up to five. 
The toxicity of the citrate and of sobisminol with the very slow injections was 
about half that with the ordinary speed ; this does not apply to the thioglycollate 
solution (presumably because this is more unstable). 

Spreading the total dosage over several successive days decreases somewhat 
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the nephritic toxicity but increases the liability to acutely fatal reactions in rab- 
bits, probably by thrombosis from traumatic vascular inflammation. 

Acute fatalities during or within a few minutes after the injection occur also 
with single injections, about twice as frequently with fast injections (about 20 
per cent of all fatalities) than with slow (about 10 per cent) ; but they arc 2 to 4 
times more frequent with repeated injections. They have little or no relation to 
the dosage and present the phenomena of colloidoclastic shock, while the ordinary 
bismuth phenomena are nephritic. 

Death from bismuth nephritis occurs in several hours to 24 days after the 
injection, the time being generally inverse to the dose; for instance, half of the 
dosage that kills in one day is fatal after 9 days for slow, after 5 days for fast in- 
jections. 

The fatal dose by intramuscular injection appears to be of the order of 5 to 10 
times higher than that by slow intravenous injection, for rabbits. 

The fatal dose of bismuth by intravenous injection averages somewhat smaller 
for dogs than for rabbits. The symptoms in dogs are uremic, without the bloody 
diarrhea, peripheral neuritis or encephalopathy that are conspicuous in poisoning 
by alkyl bismuth. 

The sojourn of the injected bismuth and its concentration in the blood were 
studied on dogs. With the fast injections the concentration falls rapidly asa 
parabolic curve. With the slow injections it rises parabolically during the in- 
jection and falls similarly when the injection ceases. With fast injection the 
maximal concentration in the blood is about four times as high as that attained 
by slow injection, but by the end of two hours the concentration is about the 
same in both cases. The product of average concentration and total time is 
about one-fifth higher with fast than with slow injection of a given dosage. 

The bismuth concentration of the organs varied directly with the dose and 
inversely •with the time elapsed since the injection. The nature of the bismuth 
compound and the speed of injection are not significant. The concentrations in 
the kidneys (which are richest in bismuth) and in the lungs fall with time as fairly 
smooth parabolic curves. The concentration in the liver falls more slowly, so 
that its average ratio to that in the kidneys rises for 17 per cent on the first day, 
to 4G per cent at 41 days. The concentrations in the blood and urine sink to in- 
significant traces after G or 7 da 3 r s; in the bile the Bi rise is slower and more 
persistent. 

The bismuth concentration in the organs of dogs averages several times higher 
than for rabbits, with the same dosage and time. This suggests slower elimina- 
tion of Bi by dogs (by the urine and by precipitation of sulfide in the intestinal 
mucosa) and this would explain the higher toxicity for dogs. 
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The fate of amphetamine in the body — that it is partially excreted as such 
(I, 2, 3), partially inactivated in the liver (4, 3) and deaminated by ascorbic 
acid (5) but not by amine oxidase (C, 7, 4) — seems well established. The pur- 
pose of the present investigation has been to determine -whether a number of 
compounds related to amphetamine are excreted in the urine or totally inacti- 
vated in the body, and to examine these findings in the light of previous studies. 

Procedure. The amines studied in this work were 

1. p phenyl-n-propylamine 

2. y phenyl-n-propylaraine 

3. a methyl-y-phenylpropylaminc 

4. a phcnyl-n-propylamine 

5. p methyl-0-phenylisopropylamine 

6. a isopropyl-0-phenylcthylamine 

7. o methyI-0-pkenylisopropylaraine 

The method used to estimate the presence of these amines in urine was that first described 
by us (4) with some minor modifications (5). This has proved satisfactory for the present 
investigation. The only deviation from the method as previously described has been in 
the final determination. In this study wc have used duplicate controls of 0.1 and 0.01 
mgm. amine coupled with p-nitrobenzenc-diazonium chloride and extracted with butanol. 
The glavanometric deflections for these controls have been plotted as the logarithmic func- 
tion of the concentration on 2 cycle semi-log paper, a straight line drawn through the points, 
and the concentration of the sample read as the arithmetric coordinate where the galvano- 
metric value intersected the curve. This has the advantages of doing away with a constant 
reference curve, as has been used in the past, and the corrections to Buch a curve when 
control determinations vary from it only slightly. 

Experimental. Amines excreted by the kidneys. Ten milligram doses of 
compounds 3, 4, 5, G, and 7 were given by* moutb to 31 subjects who collected 
their total urine output for the first and second 24 hour periods following inges- 
tion of the drug. The subjects were given the compounds in 20 cc. of water and 
directed to rinse the contents into a glass of water, drink that and follow it with 
half a glass of water. This was taken about half an hour before breakfast. 
Since most of the experiments were done during summer months, the urine 
volumes were often low. In every instance the compounds were excreted in 
considerable amounts, varying somewhat with the subject and the amine given. 

Table 1 gives the results of excretion of 10 mgm. doses of a methyl- 7 -phenyl- 
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propylamine (sulfate) by 10 subjects. Table 2 represents data on the excretion 
of 10 mgm. doses of a phenyl-n -propylamine, (3 methyl-/3-phenylisopropylamine, 
a isopropyl-jS-phenylethylamine and o methyl-|3-phenylisopropylamine. Com- 
mon to all of these is the fact that excretion of the amine is not related to the 
total urine volume within normal limits. The duration of excretion of deter- 
minable amounts of the amines was found to be about 48 hours, with one excep- 
tion. Other trials have shown them to be present in the urine within 3 hours or 
less after the compound was swallowed. 

However, there is some difference in the rate and extent to which these amines 
are excreted. From 20 to 54 (average 40.4) per cent of a given dose of a methyl- 
7-phenylpropylamine was excreted in 24 hours. Figuring from averages, this 
represents about § of the total amount (5.9 mgm.) excreted in 48 hours. In the 
case of a phenyl-n-propylamine 63 to 95 (average 78.9) per cent was excreted 

TABLE 1 


The excretion of 10 mgm. of a melhyl-y-phcnylpropylamine taken orally by man 


SUBJECT 

1st 24 noun period 

2ND 24 HOUR PERIOD 

TOTAL 48 HOUR PERIOD 

Urine volume 

Per cent 
ezereted 

Urine volume ^ 

| 

Per cent 
excreted 

Urine volume 

Per cent 
excreted 

R. D 

1024 

37.0 

1500 

26.4 

2524 

63.4 

W.S 

850 

32.2 

1250 

22.0 

2100 

54.2 

L. K 

560 

21.2 

920 

20.2 

1480 

41.4 

O. E 

025 

36.6 

655 

11.8 

1280 

48.4 

J. C 

600 

52.8 

560 

6.8 

1160 

59.6 

W. R 

860 

47.5 

975 

30.1 

1835 

75.6 

W. H 

575 

35.0 

640 

10.2 

1215 

45.2 

B. B 

1100 

44.0 

770 

33.2 

1870 

77.2 

A. P 

080 

44.1 

550 

22.4 

1530 

66.5 

R. E 

1098 

54.2 





Average 

40.4 


20.4 


59.1 


within 24 hours. This comprises almost the total amount excreted; only an 
average of 2.8 of the total 81.7 per cent was excreted in the second 24 hour period. 

The range of deviation from the mean was greatest for 0 methyl -0-phenyliso- 
propylamine, being from 10 to 39.5 per cent excreted within the first 24 hours. 
The average of 24 per cent is f of the total amount, 30 per cent, excreted during 
the experiment. The excretion of a isopropyl-/3-phenylethylamine was the 
least of any of the compounds, being only about 20 per cent within 48 hours. In 
this instance, however, the duration of excretion of determinable amounts of the 
amine was 72 to 76 hours following ingestion. The total amount of o mcthyl-0- 
phenylisopropylamine excreted over 48 hours (88.2 per cent average) was but 
slightly greater than for a-phenyl-n-propylamine (81.7 per cent average) yet the 
rate of excretion of the former was much slower than the latter. In the case of 
o methyl-fJ-phenylisopropylamine about f of the total amount (60.3 per cent) 
was excreted within 24 hours, whereas almost all (97 per cent) of the a phenyl-n- 
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propylamine was excreted during the first 24 hours. Acid hydrolysis of the 
urine did not increase the recovery of any of the amines. 


TABLE 2 

The excretion of certain sympathomimetic amines by man. 10 mgm. of each was administered 
in solution orally 



l8T24nOCRPEGIOD 

2SD 24 HOUR PERIOD 

| TOTAL 48 HOURS 




Urine volume | 

excreted 


a phenyl-n-propyl amine 


It. K 

530 | 

95.0 

550 

3.5 

10S0 

9S.5 

S. B 

1360 | 

8S.0 

925 

1.8 

2285 

89.8 

I. E 

415 

73.7 

690 

3.6 

1105 

77.3 

B. S 

1210 

63.4 

1900 

1.3 

3110 

64.7 

H. G 

590 

74.7 

740 

1.6 

1330 

76.3 

Average 



2.8 


81.7 


0 methyl-0-phenylisopropylamine 


It. S 

E. K 

K.N 

C. L 

M. O 

T. L 

500 

1030 

640 

375 

750 

710 

10.0 

33.0 

12.4 

10.0 

39 5 

39.4 

655 

1720 

850 

610 

520 

760 

2.0 

13.2 

9.8 

13.4 

12.5 

8.1 

1165 

2750 

1490 

985 

1270 

1470 

12.0 

46.2 

22.2 

23.4 

52.0 

47.5 

Average 

24.0 


6.0 


30.0 


or isopropyI-0-phenylethylamine 


M. A 

1640 

11.0 

1640 

5.5 

3280 

10.5 

D. B 

700 

9.3 

550 

12.8 

1250 

22.1 

L B 

830 

14.1 

900 

10.8 

1730 

24.9 

G.M 1 

400 

9.6 

600 

6.4 

1000 

16.0 

M. S : 

765 

10.3 

578 

9.2 

1343 

19.5 

Average 

10.9 


8.9 


19.8 


o-methyl-0-phenylisopropylamine 


F.B 


59.5 

H90 

36.1 


05.6 

A. E 

420 

56.0 


24.5 

760 


F. B 

510 

77 3 





R. L 

850 

37.4 


27.9 

1610 

65.3 

B.T 

1335 

71.6 

1205 

23.3 

2541 

94.9 

Average 

60.3 


27.9 


88.2 


Using the Warburg respirometer and the technic described previously (8) 
we found that none of these five compounds was oxidatively deaminated in the 
presence of amine oxidase. This has also been found to be the case for 
amphetamine (G, 7, 4). 
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Amines not excreted by the kidneys } Fifteen milligram doses of (S-phenyl-n- 
propylamine and y phenyl-n-propylamine were given orally to 8 subjects. Ten 
to 20 mgm. doses of each were injected subcutaneously daily for several days into 
14 dogs. Neither of the compounds was excreted in the urine in more than an 
occasional trace by either the human subjects or the dogs. Thus the factor of 
destruction of the compounds before their absorption into the body was ruled out. 

Since these 2 amines were not normally excreted following their administra- 
tion, it was thought desirable to see if the dogs could be made to excrete these 
chemicals. To accomplish this 3 experiments were tried: 1) to inactivate the 
amine oxidase in the body, if possible, 2) by means of a substance (CCh) toxic 
to the liver and possibly other organs as well to impair their function, S) to im- 
pair liver function alone. 

Bernlieim reported (9) that phenylhydrazine when added in concentration 
of 4.5 X 10 -4 M to an amine oxidase preparation in vitro would totally inhibit 
the oxidative deamination of isoamylamine as substrate for the enzyme. In a 
study of the enzymic inactivation of substituted phenylpropylamines (8) one of 
us found that these two compounds were deaminated by amine oxidase. An 
attempt was made, then, to inject phenylhydrazine into dogs to inhibit if pos- 
sible the amine oxidase and so cause /S phenylpropylamine to be excreted. 

In this experiment 4 dogs were injected subcutaneously daily with 10 mgm. 
/3 phenyl-n-propylamine and their 24 hour urine specimens collected and analyzed 
for the amine. Three days of control determinations were made to determine 
whether or not the compound was excreted. Total red and white blood cell 
counts, differential cell counts and hematocrit were determined on the controls 
and following the phenylhydrazine administration. Following the control 
periods the dogs were weighed and 100 mgm. of phenylhydrazine hydrochloride 
per kilo of body weight was injected subcutaneously in a volume of distilled 
water sufficient to dissolve it. The dogs usually vomited within an hour and 
appeared sick. The injections of the amine, collection of urine and blood counts 
were continued for from 4 to 6 days following the phenylhydrazine injections. 
During this time no 2 phenylpropylamine appeared in the urine though the 
dogs manifested severe phenylhydrazine poisoning. One of them, T, died 1 
week following the injection of phenylhydrazine. Table 3 summarizes some of 
the findings in this experiment. In every instance, following the phenylhy- 
..drazine there resulted a severe hemolytic anemia, a rapid rise in the leukocyte 
icount and a fall in the hematocrit readings. The differential cell counts showed 
many immature cells of both red and white series. Representative of the differ- 
entials is one day’s count on dog C: Total w.b.c. 34,900, segmented neutrophils 
20, nonsegmented neutrophils 58, meta myelocytes 6, myelocytes 4, promyelo- 
cytes 2, blasts 1, eosinophils 2, lymphocytes 7, erythroblasts 9 and proerythro- 
blasts 3/100 w.b.c. There were numerous showers of platelets, polychromato- 
philia and anisocytosis. Urine from all the dogs was port red in color due to the 
destruction of erythrocytes and that from dogs S and T tended to form a loose 

1 Normally under the conditions of this experiment. 
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clot on standing in the refrigerator several days. It is doubtful whether we could 
have exceeded this dose of phenylhydrazine and have had any of the dogs live. 
It seems certain, then, that not enough of the drug could be given to animals to 
inactivate or even inhibit the amine oxidase to the point that phenyl -n-propyl- 
amine was excreted by the animals. 

Carbon tetrachloride is known to produce liver damage in dogs although its 
effect on the kidney is probably not so marked unless excessive amounts are given 
(10). An experiment similar to that for phenylhydrazine was performed, sub- 
stituting in its stead CCh and omitting the cell counts. Four dogs were used in 
this experiment and the condensed data are given in table 4. From the table 
it may be seen that in every instance CCh in doses of 30 to 50 cc. orally caused 
/3 phenyl-n-propylamine to be excreted; this amounted to as much as 35 per cent 
of a given dose in one instance, dog D. 

TABLE 3 

The result of an attempt to produce excretion of 0 phenyl-n-propylamine, 10 mgm. subcuta- 
neously daily, by the subcutaneous administration of a single injection of phenylhydrazine 
hydrochloride 


poo 

AVtoorr or 

DRAZINE 

ertthbocytes j 

X.EUX0CYTE9 

BEUATOCBR 

excretiok or 
uan 

Before 

After 

Before 

After | 

Before 

After 

Before 

After 


mam per 
kgm. 

millioni 

mOUent 

thoutandi 

(Aoujarwf* ' 

per tent 

percent 



c 

75 

7.40 

1.60 

9.15 

37.20 I 

50.6 

10.3 

0.00 

0.00 

E I 

100 

7. 38 

1.76 

9.50 

26.65 | 

49.5 

27.5 

0.00 

trace 

S 

100 

6.17 

2.73 

12.40 

35.25 

44.0 

30.0 

0.00 

0.00 

T* ' 

100 

4.48 


10.6 


44.0 


0.00 

trace 


* Died 1 week after phenylhydrazine. 

Before and after pertain to the injection of phenylhydrazine. The data given for after 
the injections are maximal determined values. 


This effect of CCh is probably a non-specific one, inhibition to the amine oxi- 
dase system occurring along with a general impairment of liver function. It was 
shown by Beyer and Skinner (4) that carbon tetrachloride administered to dogs 
caused them to excrete all of a given dose of benzedrine (amphetamine), and it 
has been amply confirmed that this compound is not inactivated by amine 
oxidase. 

Wells (11) has shown that hydrazine, in doses of 50 mgm. per kilo subcutane- 
ously, produces in dogs an almost specific central zone parenchymatous degenera- 
tion of the liver lobules without affecting other organs of the body. If CCh 
could non-specifically inhibit amine oxidase along with the production of a 
parenchymatous degeneration of the liver and possibly other organs, it seemed 
possible that similarly hydrazine could be used to produce only a liver damage, 
thus in a measure evaluating the importance of the liver in the inactivation 
of these amines. 

Three dogs each in two series were placed on daily subcutaneous injections 
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TABLE 4 


The effect of carbon tetrachloride on the excretion of 0 phenyl-n-propylamine, 10 mgm. 
subcutaneously daily, by dogs 


24 HOUR 
PERIOD 

URINE VOLUME 

MOM. 

EXCRETED 

24 noun 

PERIOD 

URINE VOLUME 

MOM. 

excreted 

Dog D 

Dog M 

2nd 

625 

0.00 


300 


3rd 

590 

0.00 

Kffl 

290 

wmm 

4th 

30 cc. CCL orally 


5th 

50 co. CCL orally 


6th 

420 

1.77 

7th 

145 


8th 

640 

0.94 

8th 

355 

1.63 

12th 

875 

3.50 

9th 

195 

trace 

13th 

570 

2.52 

10th 

185 

trace 

Dog N 

Dog O 

3rd 

335 

0.00 

1st 

755 

0.00 

4th 

560 

0.00 

2nd 

480 

0.00 

5th 

50 cc. CCL orally 


3rd 

50 cc. CC1< orally 


7th 

415 

MESm 

4th 

730 

2.14 

8th 

440 

BUI 

5th 

50 cc. CCL orally 


9th 

655 

trace 

6th 

3S5 

0.65 


380 

trace 

7th 

855 

. trace 


TABLE 5 


The effect of hydrazine on the excretion of 0 phenyl-n-propylamine and y phcnyl-n-propylamine 

by dogs 


24 HOUR 
period 

URINE VOLUME 

MOM. AMINE 
| EXCRETED 

URINE VOLUME 

MOM. AMINE 
EXCRETED 

URINE VOLUME 

MOM. AMINE 
EXCRETED 

/3 phenyl-n-propylamine, 20 mgm. injected Bubcutaneously, daily 


Dog P 

Dog Q 

Dog R 

2nd 

390 

0.00 

215 

0.00 

765 

trace 

3rd 

335 

0.00 

260 

0.00 

365 1 

j trace 

4th 

40 mgm. 

hydrazine sulfate per kgm. subcutaneously in 2 injections 

5th 

655 

0.32 

355 

0.65 

1235 

2.50 

6th 

150 

0.57 

335 

0.92 

. 225 

. 2.35 

7th 

170 

0.78 

2S0 

0.82 

625 

1.41 

8th 

125 

0.25 

380 

1.14 

650 

0.94 


y phenyl-n-propylamine, 10 mgm. injected subcutaneously, daily 



Dog TJ 

Dog W 

Dog X 

2nd 




315 


3rd 




320 


4th 

40 mgm. hydrazine sulfate per kgm. subcutaneously in 2 injections 

6th . 

235 0.24 



265 

0.26 

' 7th 

275 0.28 

235 

1.95 

455 

0.23 
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of 20 mgm. 0 phenyl-n-propylamine in one series, 10 mgm. of y phenyl-n-propyl- 
amine in the other. Total 24 hour urine specimens were collected and tested 
for the respective amines. Neither series of dogs excreted the amines normally 
with the exception of dog R which excreted about 2 p/cc. of 0 phenyl-n- 
propylamine. After the control periods of 3 days the dogs were injected sub- 
cutaneously with 40 mgm. hydrazine sulfate per kilo in aqueous solution given 
in two divided doses at 6 hour intervals. It may be seen from table 5 that this 
dose of hydrazine caused the excretion of both 0 phenyl-n-propylamine and y 
phenyl-n-propylamine by each dog of the respective series. It is not surprising 
that the excretion of the amines following hydrazine is no greater than that 
found. Bhagvat, Blaschko and Richter (12) have reported amine oxidase to be 
widely distributed in most of the organs of the body. If the distribution were 
equal throughout the organism, one would hardly expect an inhibition in or even 
elimination of that enzyme from one organ so to decrease the detoxication of 
these amines that they appear as such in the urine. Actually, it would seem that 
the liver is a principal site of inactivation of these amines w’hether or not it be 
entirely by amine oxidase. 

Interpretation. These results together with what has been found to be true 
for other similar sympathomimetic amines may be taken to establish certain 
fundamental concepts of the way an organism rids itself of these agents. The 
compounds a methyl-7-phenylpropylamine, a phenyl-n-propylamine, 0 methyl- 
0-phcnylisopropylamine, a isopropyl-0-phenylethylamine and o methy]-0- 
phenylisopropylamine together with amphetamine have structural and 
physiological properties in common. None of these compounds have a hydroxyl 
group on the ring, none of them have an amino group on the terminal carbon 
atom of the side chain, otherise they are quite dissimilar except that they are 
primary amines. 

Tor the present at least one factor in therapeutics, mode of administration, 
can be correlated very well with the mode of elimination of these compounds. 
In this particular group of amines the position of the amino group on the side 
chain determines whether the compound shall be active orally and excreted by 
the kidneys, or inactive orally and totally inactivated in the body enzymically 
or otherwise. The compounds that do not have the amino group on the terminal 
carbon atom are active orally, not because they are not broken down by the di- 
gestive juices, but because on being taken into the body they are not deaminated 
at once when brought by the portal system to the liver. This being the case 
they are then carried to all parts of the body. Since they remain in the blood 
stream, at least to some extent, for a long period of time they are cleared from 
the blood by the kidneys and appear in the urine. Part of the drug remaining 
in the tissues is inactivated by some system as the ascorbic-dehydroascorbic acid 
system (5, 13). This, probably together with differences in rate of diffusion 
and affinity for the tissues, accounts for the differences in rate and extent of 
excretion of these amines. 



162 


KARL H. BETER AND W. VERNON LEE 


Confirming this interpretation, these compounds having an amino group 
on the terminal carbon atom have no physiological effect when taken orally. 
Also, they do not appear in the urine as such even when injected subcutaneously. 
It seems likely then that, administered orally, instead of being broken down in 
the digestive tract the compound is absorbed, deaminated to some extent in 
the intestinal wall, where amine oxidase has been shown to be present, and the 
rest brought to the liver where the enzymic oxidation is completed. Bearing 
out this point are the experiments showing that even when these compounds, 
ft phenyl-n-propylamine and y phenyl-n-propylamine, are injected subcutane- 
ously they are excreted to some extent when the function of the liver is impaired 
by carbon tetrachloride or hydrazine. These observations point to the liver as 
being a chief organ for the inactivation of these amines. Amine oxidase and the 
ascorbic acid system are relatively slow acting when saturated with a proper 
substrate in vitro. It might be that massive doses of one of these amines given 
orally would partially escape deamination and appear in the urine in very small 
;j amounts. 

SUMMARY 

Sympathomimetic amines having no hydroxyl group on the benzene ring are 
excreted if the primary or secondary amino group is not on the terminal carbon 
atom of the side chain, for only in that position is it deaminated by amine oxidase. 
If the liver function is impaired by CCh or hydrazine, those compounds having a 
primary or secondary amino group on a terminal carbon atom are also excreted 
to some extent. 

An hypothesis has been presented that the oral efficacy and the excretion of 
these amines is dependent on whether the compound brought to the liver has its 
amino group in a position on the side chain where it can be deaminated by the 
amine oxidase and possibly other systems, normally. 

We wish to thank the Smith, Kline and French Laboratories for a grant which 
made possible the technical assistance of Mr. Bradford Hafford. Also, we are 
grateful to Dr. Walter J. Meek for his criticism of this paper. 

BIBLIOGRAPHY 

(1) Betek and Skinner: Am. J. Physiol., 126: P433, 1939. 

(2) Richter: Biochem. J., 32: 1763, 1938. 

(3) Jacobsen and Gad: Arch, exptl. Path. Pharmakol., 196: 34, 1940. 

. (4) Beyer and Skinner: This Journal, 66: 318, 1940. 

(5) Beyer: Ibid., 71: 394, 1941. 

(6) Pugh and Quastel: Biochem. J., 31: 2306, 1937. 

(7) Blaschko, Richter and Schlossman: Biochem. J., 31: 2187, 1937. 

(8) Beyer: This Journal, 71: 151, 1941. 

(9) Bernheim: J. Biol. Chem., 133: 485, 1940. 

(10) Lamson and McLean: This Journal, 21: 237, 1923. 

Schultz and Marx: Am. J. Trop. Med., 4: 469, 1924. 

Gardner, Grove and Gustofson: Bui. Johns Hopkins Hosp., 36: 107, 1925. 

(11) Wells: J. Exp. Med., 10: 457, 1908. 

(12) Bhagvat, Blaschko and Richter: Biochem. J., 33: 1338, 1939. 

(13) Beyer: Am. J. PhyBiol., 133: P214, 1941. 



THE ACTION OF CERTAIN SULFONAMIDES, SULFONES AND 
RELATED PHOSPHORUS COMPOUNDS IN EXPERIMENTAL 
TUBERCULOSIS 


M. I. SMITH, E. W. EMMART and B. B. WESTFALL 

From the Division of Chemotherapy, National Institute of Health, Belhesda, Maryland 
Received for publication November 1, 1941 

Rich and Follis (1) first called attention to the inhibitory action of sulfanil- 
amide for the tuberculous process in guinea pigs. They noted retardation of the 
progress of infection only if treatment was begun simultaneously with the in- 
fection and the drug administered in doses of 1250 mgm. per kilogram per day. 
Such dosage is at the toxic level, as shown by the death of about 00 per cent of 
their animals from the toxic effects of the drug within the experimental period of 
five to six weeks. Later they extended their observations to experimental 
bovine infection in rabbits and showed that 750 mgm. of the drug given daily per 
kilogram reduced the extent of tuberculous involvement in the lungs and kidneys, 
but a dosage of 500 to 000 mgm. per kilogram had no appreciable effect. Sig- 
nificantly 750 mgm. of sulfapyridine per kilogram similarly given had no effect. 
Examination of the blood at various intervals showed considerably higher blood 
levels with sulfanilamide than with sulfapyridine (2). Several reports have ap- 
peared since then, some confirming the foregoing findings in part or in whole 
(3-0) and others failing to do so (7-9). Greey, Boddington, and Little (5) ob- 
tained a favorable effect in guinea pigs with sulfanilamide but not with prontosil, 
the dimethyl derivative of disulfanilamide, or with diacctyldiaminodiphenyl- 
sulfone. The doses used were within the toxic range, for half of their treated 
animals died within four weeks of treatment. Corper et al. (9) suggest that the 
apparently favorable effect obtained with large doses of sulfanilamide is due to 
the toxic effect of the drug and not to the retardation of the tuberculous process. 

Further trials with sulfapyridine gave variable results. Feldman and Hin- 
shaw (10) and Birkhaug (11) obtained retardation of the tuberculous process in 
guinea pigs, while Heisc and Steenken (12), Steinbach and Duca (13), Flippin 
and associates (14), and Muschcnhcim and coworkers (15) failed to obtain 
favorable effects. Ivarlson and Feldman (1C) treated rabbits inoculated with 
avian tubercle bacilli with sulfapyridine with negative results. 

An inhibiting action by sulfanilamide on the growth of the tubercle bacillus 
in vilro was reported by Ballon in a concentration of 100 mgm. per cent (17, 18), 
while Follis could obtain no such effects while using the synthetic Proskauer and 
Beck medium. Follis was able to demonstrate an inhibiting effect for sulfa- 
pyridine in a concentration of 50 mgm. per cent (19). 

A much stronger inhibiting action in vivo was obtained by Rist, Bloch, and 
163 
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Hamon (20) for 4-'f , -diaminodiphenylsulfone than for sulfanilamide on intra- 
venous avian bacillus infection in rabbits. More recently, while this work was in 
progress, two very favorable reports have appeared by Feldman, Hinshaw, and 
Moses (21) on the treatment of experimental tuberculous infection in guinea pigs 
with the sodium salt of P-P'-diaminodiphenylsulfone-N-N'-dextrose sulfonate 
(Promin). In the first report the treated animals survived longer than the 
controls, and the extent of tuberculous involvement, judged by the amount of 
tuberculosis in the spleens, was less in the treated animals than in the controls. 
It was stated, however, that a complicating nutritional disorder developed in the 
course of the experiment, seemingly an ascorbic acid deficiency, and this may 
have influenced the results. In a second communication (22) these authors re- 
ported equally good results even when treatment with promin was delayed until 
six weeks after infection. Here again the spleen alone was used to evaluate the 
extent of tuberculous involvement. It would seem that these workers were deal- 
ing with a low grade mild infection, apparently limited for the most part to the 
spleen and glands. The drug was fed with the diet at a 1 per cent level. Blood 
examination, they reported, showed an average of 4.3 mgm. per cent of the drug, 
with a minimum of 2.5 and a maximum of 8.6 mgm. per cent. No toxic effects 
from the drug were noted in the first report, but sulfhemoglobinemia, reticulo- 
cytosis, and possibly anemia are said to have occurred in the second series of ex- 
periments. Since promin is a derivative of diaminodiphenylsulfone, a drug 
which was under study in the work reported here, it seemed desirable to include 
it in this investigation. 

The present experiments were undertaken in the belief that the work cited 
above indicates sufficiently definitely that the sulfonamides offer enough of a 
lead to warrant more extensive investigation of the problem. Accordingly, a 
systematic study was made of the effects of a series of sulfonamides, sulfones, and 
related phosphorus compounds on the growth of the tubercle bacillus in vitro, and 
the compounds appearing to have good tuberculostatic action in vitro were 
submitted for therapeutic tests in experimental animals. It should be stated at 
once that neither is the presence of tuberculostatic action of a drug in vitro proof 
for, nor is its absence proof against therapeutic efficiency in experimental animals. 
Tuberculostatic action, however, may be used as a guide in selecting from a large 
number of drugs those which are likely to be most promising. 

Tuberculostatic Action in Vitro. The tests for the inhibiting action of 
drugs on the human tubercle bacillus were made with graded concentrations of 
the drug in 50 cc. sterile glycerine broth inoculated on the surface with a loopful 
of a two to three weeks’ culture of H 37. In several instances the human strain 
A 27 was also used with no noticeable difference in results. Pyrex glass Erlen- 
meyer flasks of 125 cc. capacity were used throughout. The flasks were incu- 
bated at 37°C. for two weeks or longer, until the whole surface in the controls 
was covered with growth. The minimum concentration of the drug which gave 
only slight or no growth was taken as the effective inhibiting concentration. 

The results of this study are shown in table 1. Of the sulfonamides good in- 
hibition was obtained at a level of 20 mgm. per cent with sulfanilyl sulfanilamide 


TUBERCULOSTATIC ACTIONS 


165 


and sulfapyridinc, both of which were more active than sulfanilamide. Weight 
for weight promin was about equally effective. Inhibition at a level of 10 mgm. 
TABLE 1 


Tuberculostatic action 




. j 

MOM. PER 
CENT 

s 

g 

COMPOUND* 

■ CHEMICAL FORMULA 

l! 

u 

‘ 

M 

1 

Sulfanilic acid 

HjN C«IIi SO, OH 

600 


2 

Sulfanilamide 

H,N C.H, SOjNH, 

20 

60 

3 

N'~U aminophenyl) sulfanilamide (23) 

H,N C,II,SO,NH C e H .N II j 

20 | 


4 

jV 4 -Sulfanilyl sulfanilamide (23) 

H,N C.H, SO, NH C«H«SO,NII, 

10 

20 

6 

Sulfanilylaminocthanol (23) 

H,N C«H,SO,NH CsIIiOH 

100 


G 

SulfanHylarnino-fl-bromethane 1 

H,N C,H, SOjNH C,H,Br 

20 


7 

4-Hydroxylaminobenzcncsulfonamide’ 

NIIOH C,H, SO, NH, 

20 


8 

4-Aminobenzoic acid 

H,N C,H 4 COOH 

20 


9 

4 -Hydroxylaminobenzoic acid* 

NHOH C.n, COOH 

20 


10 

Sulfa pyridine 

H,N C.H, SO,NH C 4 H 4 N 

10 

20 

11 

Sulfathiazole 

II, N CeH, SO, NH C,H,NS 

1 

5 

12 

Sodium Sulfadiazine* 

H,N C 4 II 4 SO, NH C 4 H 1 N, 

' 4 

10 

13 

4-4'-Diaminodiphcnylsulfide 

H,N CeH, S C,H, NH, 

5 

10 

14 

4-4'-Diaminodiphenylsulfo\ide 

H,N C,He SO C.H, NH, 

1 

3 

15 

4-4'-Diammodiphcnylsulfone 4 

H,N CiH, SO, C.H , NH, 

1 

2 

1G 

4-4'-Diacetyldiarainodiphenylsulfone‘ 

CH.CO NH CiH, SO, C.H, NH 
CO CH, 

10 


17 

4-Nitro-4'-acetyIaminodiphenyl sul- 
fone (25) 

NO, CJI, SO, C.U.NH CO CII, 

10 

20 

18 

Prorain* 

{CH,OH(CHOH),CH SO.Na NH 
C. He], SO, 

5 

20 

19 

Phosphanilic acid (2G) 

H, N C,H, PO(OH), 

2 

10 

20 

Dimethylaminophcnylphosphonous 
acid (27) 

(CH,), N C.H, P (OH), 

200 


21 

Bis-(dimcthylaminophenyl) phos- 
phinous acid (27) 

((CH,), N Cell.], P OH 

20 


22 

Bis- (dime thylarainophenyl) phos- 

phinic acid* 

[(CH,), N C.H.1, PO OH 

10 

60 

23 

Bis- (4 '-aminophenyl) phosphinic acid* 

[NH, C,H,]j PO OH 

100 



* Compounds 1, 8, 9, 19, 20, 22, and 23 were used ns tbc sodium salt after careful neutrali- 
zation with NaOH. 

1 Prepared by Dr. E. L. Jackson of this laboratory. 

* Prepared by Dr. H. Bauer of this laboratory by the method of Bamberger and Pyman 

W). 

1 Courtesy of the Calco Chemical Co. 

* Courtesy of the Burroughs Welcome Co. 

* Prepared by Dr. II. Bauer. 

* Courtesy of Parke, Dans & Co. 

T Prepared by Dr. II . Bauer by the method of Bourneuf (28). 

per cent was obtained with ^--T-diaminodiphenylsulfide and sodium sulfadiazine. 
The most actively inhibiting compounds were sulfathiazole, which gave good in- 
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hibition at 5 mgm. per cent, ^'-diaminodiphenylsulfoxide at 3 mgm. per cent, 
and 4-4'-diaminodiphenyIsuIfone, which inhibited growth at a level of 2 mgm. per 
cent. Since promin is theoretically about 30 per cent diaminodiphenylsulfone, 
it is inferior in its tuberculostatic action compared with the parent substance. 
Substitutions in the amino groups by acetylation or by replacement with nitro 
groups reduced inhibiting action, while oxidation to the hydroxylamine seems to 
have had little or no effect. Substitution in the sulfonamide group has resulted 
in increased activity as in sulfapyridine, sul/athiazole, and sulfadiazine, or in 
decreased activity as in the instance of sulfanilylaminoethanol. 

In the small series of phosphorus compounds phosphanilic acid was the most 
inhibiting, comparing in activity -with 4-4'-diaminodiphenylsulfide and sulfadi- 
azine. This would appear to be interesting for the corresponding sulfur analog, 
sulfanilic acid, was inactive up to 500 mgm. per cent. It seems probable that 
with phosphanilic acid as a starting point it may be possible to develop com- 
pounds more active than the corresponding sulfur analogs. However, an 
attempt in this direction represented by compounds 20, 21, 22, and 23 listed in 
Table 1 failed to attain the goal though, as will be pointed out later, compound 
No. 21 does appear to have a retarding influence in vivo if not in vitro. This, we 
suspect, is due to demethylation in the body to the free amino compound. The 
lack of activity in vitro of compound No. 23, which has free amino groups, does 
not exclude the possibility that the corresponding trivalent phosphorus com- 
pound may prove active. Efforts to prepare this have so far been unsuccessful. 

Therapeutic Tests. From the foregoing list compounds 2, 10, 11, 12, 15, 18, 
19, and 21 were selected for therapeutic tests in guinea pigs infected with two 
strains of human tubercle bacilli and in rabbits infected -with a bovine strain. 

In the first experiment guinea pigs weighing about 300 gramB were divided into five groups 
each containing twelve animals; all were inoculated intraperitoneally with 0.5 mgm. H S7. 
For a week prior to inoculation the animals were kept on a diet consisting of 69 per cent 
ground rolled oats, 25 per cent ground alfalfa, 5 per cent casein, and 1 per cent sodium chlo- 
ride (29). In addition 25 grams of carrots were allowed per animal per day. Immediately 
after inoculation the drugs were incorporated in this diet at a level of 0.5 per cent. A record 
kept of the amount of food consumed indicated an estimated drug intake of from 50 to 75 
mgm. per day or about 150 to 300 mgm. per kilogram per day. The experiment lasted 66 
days. Whenever an animal died in one of the groups, one animal appearing the sickest in 
each of the other groups was killed for comparison as to the extent of tuberculous involve- 
ment in the several groups. The extent of infection was rated from 0 to 4+ ns follows: 

4- = Slight. Few miliary tubercles of spleen, liver, omentum, or lungs. 

+- 1- = Moderate. Many discrete tubercles in any one of the foregoing orgnnB. 

= Moderately advanced. Generalized miliary and conglomerate tubercles in 
one or more of the organs. 

= Advanced caseation necrosis of spleen, liver, omentum, lungs, or all of these. 

This strain proved to be of low virulence, the extent of involvement seldom exceeding 
2 or 3+, and usually not more than 1+. The infection was usually limited to the omentum, 
glands, and spleen. From one to six animals died in each group within 25 days subsequent 
to infection and these are not included in the final analysis. Among those surviving 25 
to 56 days, the results were as Bhown in table 2. 

The numerical values for the extent of tuberculous involvement given in the third column 
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of this table were arrived at by dividing the sum of all the ratings by the number of animals 
autopsied in each group between the 25th day of the infection and the end of the experiment. 

The results of this experiment (table 2) indicate that the drugs were sufficiently 
toxic to contribute in some measure to the mortality rate, and that none of them 
in the doses given, except possibly the last-named one, had any beneficial in- 
fluence in retarding the tuberculous process. There was very little involvement 
in this group except in the spleens, which were very large, with little or no gross 
evidence of tubercle formation. Microscopically they usually presented nothing 
more than epithelioid aggregates or tubercles in early formation with little or no 
necrosis. 

Towards the end of the experiment blood analyses were made in several animals 
in each group, the determinations having been made in terms of sulfanilamide in 
each case. 1 As seen in the last column of table 2 this was quite variable and 

TABLE 2 


Effect of sulfanilamide and related compounds on experimental tuberculous infection in 
guinea pigs when fed at a level of 0.5 per cent in the diet 


GROUP 

mobtalitt 

AVERAGE 
EXTENT Of 

BLOOD LEVEL* 

CULOS1S 

Froe 

Total 


0/10 (0%) 
5/11 (45%) 
8/11 (72%) 
4/6 (6G%) 

2/10 (20%) 


mjm. per cent 

mom. per 
cent 




0. 5-6.0 







Trace, 0.4 

Trace-O.9 


Bis-(dimethylaminophcnyl) phos- 
phinous acid 

0.3 

0. 5-1.0 


generally low. It was obviously difficult by this method of administration to 
maintain a uniform level of drug intake. 

In the second experiment a more virulent strain of tubercle bacilli was used, 
the animals were kept on a more satisfactory diet of Purina rabbit chow sup- 
plemented with cabbage three times a week to supply adequate vitamin C (in 
which the Purina chow is lacking) and the drugs were administered intragastri- 
cally once daily, except Sundays. A No. 8 silk ureteral catheter connected to a 
syringe was used as a stomach tube. The water-soluble promin and sodium salt 
of phosphanilic acid were given in aqueous solution, all the others in aqueous 
suspension with five per cent gum acacia. 

In this series there were 96 animals, 10 to a group. The first group served as controls, 
the second received phosphanilic acid as the sodium salt, the third bis (dimethyl amino 
phenyl) phosphinous acid, the fourth promin, the fifth diaminodiphenylsulfone, and the 
sixth sulfadiazine. Promin, sulfadiazine, and phosphanilic acid were given in doses of 
0.5 gram per kilogram. This dosage was well tolerated. Diaminodiphenylsulfone was 


1 The method of Bratton and Marshall (J. Biol. Chem., 128: 537, 1939) was used. 
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given in 0.1 to 0.15 gram per kilogram, and t/s(dimetbyl amino phenyl) phosphinous acid 
in doses of from 0.2 to 0.5, usually 0.3 gram per kilogram. It seemed desirable to give these 
drugs to the limits of tolerance. The minimum lethal dose of diaminodiphenylsulfone in 
guinea pigs on repeated administration was found to be 0.25 gram per kilogram, that of 
6fs(dimethyl amino phenyl) phosphinous acid was more variable, the toxic range being 
between 0.3 and 0.5 gram per kilogram. This drug is more cumulative and less certain 
in its action. Though a single dose of 0.7 gram per kilogram is usually survived, 0.3 gram 
per kilogram may prove fatal after repeated daily administrations. 

Treatment in this series of experiments was continued for one month. Since all the 
evidence indicates that the beneficial action of these drugs, if any, is due to inhibition of 
the multiplication of the tubercle bacillus in the body and a retardation of the tuberculous 
process possibly through attenuation, it seemed unnecessary to continue treatment beyond 
the time when dissemination of the tuberculous process is normally well under way. Rather 
it seemed desirable to give as intensive treatment as possible during the early period of 
infection. 

Accordingly, the animals were infected intraperitoneally with a heavy dose, 0.5 mgm. 
moist weight, of a virulent human strain of tubercle bacilli A B7A Treatment was begun on 
the same day and continued for one month. The animals were weighed onee a week and 
observed carefully for symptoms. At the death of an animal, or when this appeared im- 
minent, the animal was killed and autopsied. A system of rating of the extent of tuber- 
culous involvement, different from that described in the first experiment, was adopted. 
This consisted in rating the four most commonly involved organs, omentum and glands, 
spleen, liver, and lungs, from 0 to 4+. One plus designated slight involvement, a few 
miliary pin point tubercles, 2+ moderate miliary dissemination, 3+ generalized miliary 
and conglomerate dissemination with occasional patchy caseous necrosis, and 4+ extensive 
involvement with much caseous necrosis. The sum of these divided by the number of or- 
gans gave a numerical value of the extent of tuberculous involvement for each animal. 
At the end of 107 days when 81 per cent of the controls and 94 per cent in one of the treated 
groups had died, all the survivors were injected subcutaneously with 0.1 mgm. tuberculo 
protein (P.P.D.). 3 After 24 hours all the survivors were killed and the experiment 
terminated. 

The results of this experiment are summarized in table 3. The comparative 
mortality rate for the several groups is given at ten-day intervals, and the extent 
of tuberculous involvement for each animal in each of the groups as well as the 
average for the whole group is expressed numerically. Examination of the data 
reveals no favorable effects in the group treated with phosphanilic acid, a def- 
initely retarding influence on the dissemination of the tuberculous process in the 
group treated with 6fs-(dimethyl amino phenyl) phosphinous acid, and a dis- 
tinctly favorable influence, both as regards the dissemination of the tuberculous 
process as well as the survival time, in the groups treated (with promin, sul- 
fadiazine and diaminodiphenylsulfone. The last named drug has, on the whole, 
appeared to be the most effective. This is indicated by the lowest tuberculosis 
index and the largest number of survivals following the subcutaneous injection 
of tuberculin. A comparison of the number of animals showing very slight or no 
gross tuberculous involvement in these three groups indicates one in the promin 
series, four in the sulfadiazine, and five in the diaminodiphenylsulfone series. 

« This strain was obtained from the Henry Phipps Institute of Philadelphia, through 
the courtesy of Doctor F. Seibert. 

* Courtesy of Doctor F. Seibert, Henry Phipps Institute of Philadelphia. 
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More than half of the animals in the last-named group presented an uninter- 
rupted growth curve after cessation of treatment, indicating attenuation of the 
tubercle bacillus or arrest of the infection. 

At from 30 to 60 daj's, after treatment was discontinued, paralysis of the 
posterior extremeties developed in each of two animals in the promin and sul- 
fadiazine groups and in three animals in the diaminodiphenylsulfone group. It 
was suspected that the drugs were responsible for what seemed to be a peripheral 
neuritis. However, careful histological examination of the sciatic nerve and 
sections of the spinal cord failed to show any lesions. In several of the animals 
tuberculous infection was found in the meninges in the lumbar region of the spinal 
cord. It would appear that the paralyses were actually due to tuberculous 
meningitis. Whether the invasion of the central nervous system is a coinci- 
dence, or is in some manner related to treatment, is not possible to say. 4 


TABLE 4 

Blood levels, mgm. per cent 
(F = free, T = total) 


HOURS 

PH OBPH ANILIC ACID 

Bta (dimethtlamino- 

PHENYL) PHOB- 
PHINOU3 ACID* 

PROMINf 

DIAMINODIPHENYL- 

BOLFONE 

SULFADIAZINE 


F 

T 

F 

T 

r 1 

T 

F 

T 

F 

T 

3 

0.9 

0.9 

2.5 

2.5 

10.5 

(3.4) 

11.0 

(3.5) 

4.0 

5.5 

16.5 

15.5 

6 

0.8 

0.8 | 

3.0 

3.0 

13.5 

(4.3) 

14.0 

(4.3) 

4.5 

5.0 

16.5 

17.0 

24 

0.8 

0.8 

0.1 

0.1 

8.0 

(2.5) 

8.0 

(2-6) 

3.5 

4.5 

6.5 

6.5 


* Estimations made in terms of sulfanilamide, the latter having been used as standard, 
t Figures in parentheses are diaminodiphenylsulfone equivalents. 


In an attempt to correlate the therapeutic effectiveness of the foregoing drugs 
with their concentration in the blood a series of normal guinea pigs were treated 
in the same manner as the infected animals for a period of from 6 to 13 days and 
the blood levels determined at intervals of from 3 to 24 hours following the last 
dose. The results of this experiment, expressed as averages of 3 to 4 animals, 
are shown in table 4. If the drug has some specificity of action, as would appear 
from its tuberculostatic action in vitro, the blood concentration of phosphanilic 
acid was probably too low to be effective. This and similar experiments in rab- 
bits have shown the poor absorbability of this drug from the gastrointestinal 
canal. The second phosphorus compound in this series, bis (dimethyl amino 
phenyl) phosphinous acid, is absorbed with sufficient regularity, and is ap- 
parently demethylated to a sufficient degree, to yield a fairly good blood level 
which is not, however, well maintained despite its cumulative action judged on 

« We are indebted to Doctor R. D. Lillie of the Division of Pathology for the histological 
examination of the tissues. 
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the basis of toxicological action. The blood level of promin was fairly uniform 
and well maintained, though perhaps it was not as high as that of diaminodi- 
phenylsulfone when calculated in terms of its equivalent. The somewhat higher 
and more uniform blood level of diaminodiphenylsulfonc, together with its 
stronger bacteriostatic action in vitro , may account for its superior therapeutic 
effectiveness compared with promin. Under the experimental conditions of 
treatment the blood level of sulfadiazine was the highest, though it was not as 
uniform throughout the 24 hours as was the case with the other sulfur com- 
pounds. Attention should be called to the low rate of conjugation of this drug 
compared to the well known high rate of conjugation of sulfanilamide in the 
guinea pig. This confirms the experiments of Feinstonc and associates (30). 
The lower therapeutic effectiveness of sulfadiazine, despite its higher blood levels 
compared with diaminodiphenylsulfone, could be explained on the basis of lower 
specificity as indicated by the relative tuberculostatic actions of these drugs in 
Table 1. 

Two series of experiments with some of the foregoing drugs were also carried 
out in rabbits. 

In these a highly virulent bovine strain of tubercle bacilli, Ravenel (S), was used. In 
the first series 18 rabbits, weighing 2.0 to 3.5 kgm., were each inoculated intravenously 
with 0.016 mgm. of a fine suspension of tubercle bacilli in 1 cc. sterile salt solution. Six 
animals served as controls, 6 were treated daily with 0 1 gram per kilogram sodium sulfa- 
thiazole and 6 with 0.1 gram per kilogram phosphanilic acid as the sodium salt, both given 
intravenously. At death the animals were autopsied and the extent of tuberculous in- 
volvement noted. This was rated from 0 to 4+ in each of the four organs showing macro- 
scopic lesions, lungs, liver, kidneys, and spleen. The sum of these divided by four gave the 
"tuberculosis index” for each of the animals, and the sum of these indices divided by the 
number of animals in the group gave the average index for the group. In the second series 
of experiments 16 rabbits weighing from 2.0 to 3 0 kgm. were inoculated intravenously 
with 0 015 mgm. of tubercle bacilli as above. Six served as controls and 10 were treated 
intravenously daily with 0.3 to 0.5 gram of promin per kilogram, in 10 per cent aqueous 
solution. Treatment was continued until death, the longest period being 45 days when 
the last of the controls died. The drug was given in maximum tolerated doses. Doses 
of 0.3 gram per kilogram usually produced no noticeable effects, while doses of 0 4 and 
0.5 gram per kilogram often produced distressing symptoms of dyspnea. Survival time 
and post mortem findings were noted as in the preceding series. 

The results of this study are summarized in tables 5 and C. Sulfathiazole ap- 
peared to inhibit the dissemination of the tuberculous process but had no favor- 
able effect on the survival time. Phosphanilic acid had a more favorable in- 
fluence. This drug, however, leaves the blood stream rather rapidly, hence it is 
not possible to maintain an effective blood level with a single daily injection. 
The rapidity with which the drug leaves the blood stream when injected intra- 
venously or subcutaneously is shown in table 7. The excretion of phosphanilic 
acid begins soon after injection. The urine turns acid and crystals, apparently 
of the insoluble acid, appear in abundance. Eighty to 90 per cent of the amount 
injected is eliminated in the urine within 24 hours, with practically no conjuga- 
tion. 

The toxicity of this compound is low. Rats tolerated one gram per kilogram 



TABLE 5 


Effect of sulfathiazolc and phosphanilic acid in bovine tuberculosis in rabbits 



- 

CONTROLS 

SODIUM SULPATBIAXOLE J 

phosphanilic Acid 

NUMBER 

Weight | 

Days 

Tubercu- 

losis 

index 

Weight 

Days 

! 

Tubercu- 

losis 

index 

Weight 

Days 

Tubercu- 

losis 

index 

1 

2.0 

36 

2.5 

3.0 

19 

0.5 

2.6 

36 

1.2 

2 

3.0 

40 

2.5 

2.4 

40 

1.5 

2.8 

46 

2.8 

3 

3.4 

46 

2.8 

2.5 

40 

2.2 

2.9 

53 

2.0 

4 

2.2 

47 

2.3 

2.5 

49 

2.0 

2.5 

57 

1.2 

5 

2.4 

SO 

2.2 

3.7 

53 

2.5 

2.9 

mm 

1.5 

6 

4.0 

53 

2.2 

3.3 

70 

2.0 

3.1 

■a 

1.3 

Average survival ... j 
Average tuberculo- 


45.3 

2.4 

■ 

45.3 

1.8 

■ 

1 61 

1.7 ; 









TABLE 6 


Effect of promin in experimental bovine infection in rabbits 


NUMBER 

CONTROLS 

TREATED 

Weight | 

Days | 

Tuberculosis 
index 1 

Weight j 

Days 

Tuberculosis 

index 

1 

2.1 

21 

0.8 

2.1 

16 

0.5 

2 

2.2 

24 

2.0 

2.1 

19 

1.2 

3 

2.3 

30 

2.5 

3.0 

24 

1.2 

4 

2.4 

31 

2.7 

2.0 

25 

1.6 

5 

2.2 

33 

2.8 

2.5 

30 

1.2 

6 

2.3 

45 

1.5 

2.0 

30 

2.5 

7 




2.3 

39 

1.5 

8 




2.2 

53 

1.7 

9 




2.5 

74 

1.5 

10 




2.2 

122 

1.0 

Average survival 

Average tuberculosis 
index 


30.7 

2.1 


43.2 

1.4 


TABLE 7 


Fate of phosphanilic acid in the rabbit injected as the sodium salt 


TIME 

INTRAVENOU8 INJECTION, 

0.3 GRASI8 PER KOK. | 

SUBCUTANEOUS INJECTION, 

0.6 GRAMS PEB KGM. 


Blood level 


Free 

Total 

Free 

Total 

5 minutes 

110.0 

130.0 



1 hour 

49.0 

50.0 

S6.0 

97.6 

2 hours 



61.5 

86.1 

3 hours 

13.0 

13.2 



4 hours 



24.5 

25.0 

'5 hours 

4.0 

4.2 1 



6 hours 



6.3 

6.1 

24 hours 

Trace 

Trace 

Trace 

Trace 


172 























TUBERCULOSTATIC ACTION'S 


173 


injected intravenously, and in an experiment in a cat under amytal anesthesia a 
slow intravenous infusion of 2.0 grams per kilogram as a 5 per cent solution of 
the sodium salt had no effect on the blood pressure or respiration. 

The effects of promin seem definite. The survival period in the treated ani- 
mals was longer, and the extent of tuberculous infection distinctly less. Tu- 
berculous infection was present, however, in every animal; and since the dose 
used was near the toxic limit, it would seem that promin is less effective in in- 
fections with the bovine strain of tubercle bacilli than with the human. 

Comment. It has been possible to retard the tuberculous process or to check 
the progress of the disease in experimental animals by means of some of the 
sulfonamides, sulfones, and certain of the related phosphorus compounds. Rich 
and Follis (1) were able to do this with sulfanilamide which, however, required 
toxic doses to achieve the result. In the present study it was possible to ac- 
complish similar results with doses of drugs well within the tolerated range. This 
suggests greater specificity of some of the drugs we have used. The present ex- 
periments also indicate a close parallelism between the effects of the drugs we 
have used in experimental animals and their tuberculostatic action in vitro. All 
the experiments taken together strongly indicate that diaminodiphenylsulfono is 
the most effective agent, both in vitro and in vivo. The toxic nature of this com- 
pound and the extreme care with which it has to be administered, coupled with 
its high degree of specificity, make the search for more effective and less toxic 
derivatives a promising field of investigation. Diaminodiphenylsulfone appears 
to have a definitely retarding influence when administered at a level of 50 to 75 
per cent of the lethal dose. With the use of this drug as a standard for com- 
parison, the obvious aim is to develop derivatives capable of producing the same 
or better effects with dosages further removed from the toxic level. Promin does 
not fulfill this requirement, though it appears to be a step in the right direction. 

SUMMART 

A series of sulfonamides, sulfones, and certain related phosphorus compounds 
were examined for tuberculostatic action in vitro. Good inhibition in decreasing 
order of magnitude was obtained with diaminodiphenylsulfone, diaminodiphenyl- 
sulfoxide, sulfathiazole, diaminodiphenylsulfide, sulfadiazine, phosphanilic acid, 
and promin. Therapeutic tests in experimental animals showed a favorable 
effect both as regards survival time and retardation of the progress of the disease 
with diaminodiphenylsulfone, promin, and sulfadiazine. A doubtful effect was 
obtained with sulfathiazole and bis (dimethyl amino phenyl) phosphinous acid, 
and an irregular result with phosphanilic acid. The last-named drug is poorly 
absorbed from the gastrointestinal tract, and it leaves the blood stream rather 
rapidly on intravenous or subcutaneous injection, making the maintenance of a 
satisfactory blood level difficult. 
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In our earlier experiments (1, 2) it was noted that under certain conditions 
sulfanilamide and sulfapyridine inhibited growth of pneumococci for a limited 
time only. Thus, in in vivo experiments (2) in which infected mice were treated 
with less than curative doses of sulfapyridine, the number of pneumococci in 
the blood remained stationary at a low level during the first four or five days of 
treatment; then, notwithstanding continued therapy, the number of organisms 
increased rapidly and the infection quickly overwhelmed the animals. Observa- 
tions similar to these were made in in vitro experiments (2), in which the growth 
of pneumococci in sulfapyridine-containing broth was being studied. In these 
experiments the period of growth inhibition terminated after 24 to 60 hours of 
incubation. Since this loss in effectiveness of sulfapyridine was not due to a 
decrease in concentration of the drug, either in the culture medium or the infected 
animal, it seemed likely that the pneumococci had in some manner adapted 
themselves to growth in the presence of this drug; in other words, they had 
become sulfapyridine-resistant or sulfapyridine-/a$f. 

At the time these observations were made there was little information on the 
phenomenon of sulfonamide resistance. MacLean, Rogers and Fleming (3) 
had reported that pneumococci acquired resistance to sulfapyridine in vivo, but 
the observed changes in sensitivity were relatively small and not entirely conclu- 
sive. MacLeod and Daddi (4) reported development of a sulfapyridine-resistant 
strain of pneumococcus by an in vitro technique, but this report was preliminary 
and gave no details as to the rate at which resistance developed. In view of the 
practical and theoretical implications of these observations on sulfapyridine 
resistance, a more complete and critical study seemed indicated. Such a study 
was undertaken with attention being paid to the conditions of the in vivo and 
in vitro experiments mentioned above. Preliminary reports of this work have 
been presented heretofore (5, 6) ; the detailed results are presented here. 1 

* Since the preliminary reporta of this work were presented, Schmitb (7) and Lowell, 
Strauss and Finland (8) published the results of their in vitro studies on the development 
of sulfonamide resistance by pneumococci. The in vivo development of auch resistance has 
been reported by Mulder (9) and Schmith (10). Whereas the resistance developed in the 
experiments of the above workers was not as great as that produced in our experiments, the 
essential findings in the above publications agree with those reported here. 
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Development of resistance in vivo 

A. Method. One strain of type I pneumococcus and two Btrains of type III were used 
in this experiment. These strains had been used in our previous studies; consequently, 
their responses to sulfapyridine were fairly well established. Stock cultures of these 
organisms were passed repeatedly through mice until constant virulence and invasiveness 
were attained. Then the organisms were passed serially through groups of sulfnpyridine- 
treated mice in the following manner. Thirty' to forty white mice, males, weighing 18 to 22 
grams, were infected intraperitoneally, each mouse receiving 10-' cc. of a 12- to 14-hour 
blood broth culture of the desired organism. Ten of these mice were kept as untreated 
controls. The remaining animals were treated with sulfapyridine. In the initial experi- 
ments, the mice infected with the type I strain received 5 mgm. doses of sulfapyridine, 
whereas those infected -with the type III strains received 20 mgm. doses. These amounts, 
suspended in 10 per cent acacia, were administered by r stomach tube at 2, 8, 14, and 22 
hours after infection and every 8 hours thereafter for five additional days. These treat- 
ments were based on earlier experiments which showed that 5 mgm. doses in infections 
with the type I strain and 20 mgm. doses in infections with the type III strains prolonged 
life for at least six days, but cured no more than one-third of the infected mice. 

Cultures of heart blood in infusion broth were prepared from at least 6 treated mice 
that died between seven and ten days after infection. These cultures were incubated at 
37.5°C. for 12 to 14 hours and then pooled; 0.5 cc. of this pooled culture was injected intra- 
peritoneally' into an untreated mouse. A 12- to 14-hour blood-broth culture prepared 
from the heart blood of this mouse was used to infect a second group of mice which received 
the same sulfapyridine treatment as the first group. 

This passage procedure was repeated until the survival time of the treated mice was 
reduced to such an extent that it approximated the survival time of the untreated controls. 
Experiments with the type III strains, CHA and Wistuba, were terminated at this point, 
since in the initial experiments 20 mgm. doses of sulfapyridine were administered. In the 
experiments with the type I strain, McGovern, where 5 mgm. doses were used initially, 
additional passages were carried out with the sulfapyridine dosage increased first to 10 and 
then to 20 mgm. No doses larger than 20 mgm. were used since previous experiments 
showed that this dosage of sulfapy'ridine administered at 8-hour intervals had as much 
curative action as larger doses. 

At least two serial experiments, such as the above, were carried out with each of the 
three strains mentioned. The essential findings in duplicate experiments were identical. 
The results of typical experiments with each strain have been summarized in tables 1, 2, 
and 3. 

B. Results. The type III strains, CHA and Wistuba, which were naturally 
slightly resistant to sulfapyridine in vivo, acquired a high degree of resistance 
after as few as 3 serial passages. As table 1 shows, the resistance of strain CHA 
was increased markedly by the first passage. Thus, mice infected with organ- 
isms that had been passed once through sulfapyridine-treated animals (Experi- 
ment B) lived on the average only 81 hours, whereas those infected with the 
parent strain (Experiment A) lived 185 hours. The second and third passages 
produced a further increase in resistance, so that mice infected with organisms 
passed three times through sulfapyridine-treated animals (Experiment D) lived 
only' 46 hours — i.e., just 20 hours longer than the untreated controls. This 
represented the limit of resistance that could be obtained using the procedure 
described, since three additional passages failed to increase resistance to the drug 
(cf. Experiments E, F, and G). 
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In contrast to the result with strain CHA, the first serial passage produced no 
apparent change in the sensitivity of strain Wistuba (cf. Experiments A and B, 
table 2). The second passage, however, led to an enormous increase in resist- 

TABLE 1 


Development of sulfapyridine resistance by type III pneumococcus, strain CHA 


EX- 

PERI- 

MENT 

ORGANISMS 

NCM- 
R rs 
or 
MJCfc 
IN- 

fECTCD 

TREAT- 

MENT 

NUMBER OF DEATHS 


THIBTT-DAT 

StJBTlTORS 

Source 

Num- 
ber in 

fecting 

doee 

Days liter Infection: 

or 

MICE 

THAT 

DIZP 

N b”“‘ 

Per 

cent 

1 

! 

3 

i 

5 

6 

7-10 













hour! 



A 

From stock after 

600 

30 

SP20* 

0 

0 

0 

0 

2 

5 

23 

185 

0 

0 


85 passages 


10 

None 

7 

3 

0 

0 

0 

0 

0 

24 

0 

0 

B 

From 6 exper. A 

330 

27 

SP20 

0 

1 

9 

13 

2 

2 

0 

81 

0 

0 


mice, dead on 


10 

None 

10 

0 

0 

0 

0 

0 

0 

22 

0 

0 


day 7 














C 

From 6 exper. B 

300 

30 

SP20 

0 

5 

20 

5 

0 

0 

0 

59 

0 

0 


mice, dead on 


10 

None 

8 

2 

0 

0 

0 

0 

0 

21 

0 

0 


day 3 














D 

From 10 exper. C 

2S0 

30 

SP20 

0 

22 

8 

0 

0 

0 

0 

46 

0 

0 


mice, dead on 


10 

None 

4 

6 

0 

0 

0 

0 

0 

26 

0 

0 


day 3 














E 

From 10 exper. D 

400 

30 

SP20 

0 

21 

9 

0 

0 

0 

0 

43 

0 

0 


mice, dead on 


10 

None 

7 

3 

0 

0 

0 

0 

0 

23 

0 

0 


day 2 














F 

From 11 exper. E 

300 

30 

SP20 

0 

20 

10 

0 

0 

0 

0 

45 

0 

0 


mice, dead on 


10 

None 

4 

6 

0 

0 

0 

0 

0 

26 

0 

0 


day 2 














G 

From 8 exper. F 

300 

30 

SP20 

0 

19 

10 

1 

0 

0 

0 

45 

0 

0 


mice, dead on 


10 

None 

7 

3 

0 

0 

0 

0 

0 

24 

0 

0 


day 2 














H 

From stock after 

300 

30 

SP20 

0 

0 

0 

0 

1 

0 

29 

186 

0 

0 


109 passages 


10 

None 

6 

4 

0 

0 

0 

0 

0 

24 

0 

0 


* SP20 = 20 mgm. sulfapyridine 2, 8, 14, and 22 hours after infection and every 8 hours 
thereafter for 5 days, or as long as the animals survive. 


ance; thus when mice were infected with pneumococci that had been passed 
twice through treated animals (Experiment C), their average survival time was 
only 58 hours, as compared with survival times of 173 and 171 hours for mice 
infected with the parent strain and the organisms recovered from the first serial 
passage (Experiments A and B). As Experiment D shows, the third serial 
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passage led to a further increase in the resistance of strain Wistuba. As in the 
experiment with strain CHA, however, no greater resistance was acquired during 
two additional passages (Experiments E and F) . 

More serial passages were required to make type I, strain McGovern, highly 
resistant than were necessary in the experiments with the type III organisms. 
This was probably due to the fact that this type I strain was originally much 
more sensitive to sulfapyridine than either type III strain. However, after 9 
serial passages through groups of mice treated with 5, then 10, and finally 20 
mgm. doses of sulfapyridine, strain McGovern was as resistant to this drug as 
were strains CHA and Wistuba (table 3). Comparison of Experiments A and 
J shows the striking difference in the response of strain McGovern before and 
after passage through sulfapyridine-treated animals. Thus of the mice infected 
with the parent strain (Experiment A), 40 per cent of those receiving 5 mgm. 
doses of sulfapyridine and 83 per cent of those receiving 20 mgm. doses recovered 
from the infection; the average survival times of the mice that did not recover 
were 170 and 234 hours for the respective groups. In contrast to this, 5, 10, and 
jjf 20 mgm. doses of sulfapyridine were entirely without curative action against 
infections with organisms isolated from the ninth serial passage (Experiment J). 
In fact, the average survival time of the treated animals, 50 hours, was only 18 
hours more than that of the control animals. 

It is noteworthy that the resistance of strain McGovern to increasing doses 
of sulfapyridine developed progressively (cf. Experiments A to I). Neverthe- 
less, when resistance to 20 mgm. doses of this drug was well established, 5 and 
10 mgm. doses prolonged life as much as 20 mgm. doses (Experiment J). The 
explanation for this fact is not clear as yet. 

It is particularly important to note the final experiments in tables 1, 2, and 3. 
These experiments were designed to determine the effect of animal passage on 
the response to sulfapyridine. They were carried out in the same manner as 
the first experiment in each table, except that the infecting organisms were the 
parent organisms that had been passed through untreated mice once daily during 
the time required to make the different strains resistant. Comparison of the 
results of these final experiments with those of Experiment A of each table shows 
conclusively that continued animal passage per se was not responsible for the 
changes in resistance described above. 

C. Comparison of the in vitro response of the parent and resistant strains. Since 
it has been observed (2, 11, 12) that the response of pneumococci in vivo does not 
necessarily parallel their response in vitro, it seemed of interest to know whether 
these organisms that had acquired resistance to sulfapyridine in the preceding 
in vivo experiments were likewise resistant to this drug in vitro. Accordingly, a 
comparative study was made of the growth of the parent and resistant organisms 
in media containing various concentrations of sulfapyridine. 

The medium selected for this work was a beef heart infusion broth (2) enriched 
with 3 per cent rabbit blood; 50 cc. quantities of this medium, containing 0, 10, 
and 20 mgm. per cent sulfapyridine, were placed in milk dilution bottles, then 
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inoculated with 0,5 cc. of a 10~* dilution of a 12-hour culture of the desired 
organism and incubated at 37.5°C. At various intervals, 0.5 cc. samples of 
culture were withdrawn, diluted serially and the numbers of organisms in appro- 
priate dilutions were determined by means of blood agar pour plates. 

TABLE 2 


Development of sulfapyridine resistance by type III pneumococcus, strain vnstuba 



organisms 


HUM- 



NUMBER OF DEATHS 


ini _ 

THIBTT.DAT 

SURVIVORS 
















mu- 
ii ent 

Source 

Num- 
ber m 

UtCE 

rECTED 

TREAT- 

MENT 

Days after infection: 1 

OF 

MICE 

THAT 

Num- 

ber 

Per 

cent 



doee 


I 

2 

3 

4 

s 

6 

7-JO 














htniTi 



A 

From stock after 

500 

20 

SP20* 

0 

0 

0 

0 

0 

1 

15 

173 

4 

20 


156 passages 


10 

None 

7 

3 

0 

0 

0 

0 

0 

25 

0 

0 

B 

From 7 exper. A 

560 

30 

SP20 

0 

0 

0 

0 

0 

1 

28 

171 

1 

3 


mice, dead on 
day S 


10 

None 

5 

5 

0 

0 

0 

0 

0 

25 

0 

0 

C 

From 6 exper. B 

900 

30 

SP20 

0 

4 

24 

1 

0 

1 

0 

« 

0 

0 


mice, dead on 
day 7 


10 

None 

8 

2 

0 

0 

0 

0 

0 

25 

0 

0 

D 

From 8 exper. C 

2S0 

30 

SP20 

0 

24 

6 

0 

0 

0 

0 

43 

0 

0 


mice, dead on 
day 3 


10 

None 

8 

2 

0 

0 

0 

0 

0 

22 

0 

0 

E 

From 9 exper. D 

890 

30 

SP20 

0 

16 

13 

1 

0 

0 

0 

49 

0 

0 


mice, dead on 
day 2 


10 

None 

G 

4 

0 

0 

0 

0 

0 

23 

0 

0 

F 

From 6 exper. E 

800 

30 

SP20 

0 

21 

9 

0 

0 

0 

0 

44 

0 

0 


mice, dead on 
day 2 


10 

None 

6 

4 

0 

0 

0 

0 

0 

25 

0 

0 

G 

From Block after 

500 

30 

SP20 

0 

0 

0 

0 

2 

1 

17 

166 

10 

33 


192 passages 


10 

None 

5 

5 

0 

0 

0 

0 

0 

25 

0 

0 


* SP20 — 20 mgm. sulfapyridine 2, 8, 14, and 22 hours after infection and every 8 hours 
thereafter for 5 days, or as long as the animals survive. 


The results of typical experiments are shown in figure 1. These data show 
that the resistant strains of type I McGovern and type III Wistuba multiplied 
as rapidly in broth containing 20 mgm. per cent sulfapyridine as in control broth. 
Growth of the resistant strain of type III CHA was inhibited slightly by 20 
mgm. per cent sulfapyridine, but not at all by 10 mgm. per cent. Contrasted 
with this are the results with the parent organisms, growth of which was in- 



TABLE 3 

Development of sulfapyridine resistance by type I pneumococcus, strain McGovern 




























PARENT STRAIN EAST STRAIN 

Fio. 1. Effect of SuuFArriumNE on Growth of Parent and Resistant Strains of 
Type I Pneumococcus McGovern and Ttpe III Pneumococci CHA and Wistuba 

, growth in beef heart control media; — — growth in beef heart media containing 

10 mgm. per cent sulfapyridine ; — X — , growth in Deef heart media containing 20 ragm. 
per cent sulfapyridine. 

Development of resistance in vitro 

A. Method. A type II pneumococcus, strain CH, was used in these experiments. This 
organism had undergone nearly 100 consecutive daily mouse passages prior to use and was 
selected for the present study on the basis of earlier experiments (2) which showed that it 
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was highly sensitive to sulfapyridine in vitro. The following procedure was used to make 
this organism highly resistant to the drug. Fifty cubic centimeter quantities of beef heart 
infusion broth, containing 0, 4, 8, and 15 mgm. per cent sulfapyridine, were placed in milk 
dilution bottles. Each quantity of medium was enriched with 1.5 cc. of rabbit blood, 
inoculated with 0.5 cc. of a 10~* dilution of a 12-hour blood broth culture of the parent 
organism, and then incubated at 37.5°C. At various intervals 0.5 cc. samples of the cul- 
tures were withdrawn, diluted serially, and the numbers of organisms in appropriate dilu- 
tions determined by means of blood agar pour plates. When growth had occurred in the 
■ culture containing 8 mgm. per cent sulfapyridine, the organisms from this culture were 
subcultured into plain beef heart infusion broth enriched with blood. This latter culture 
was incubated for 12 hours, then used as the source of organisms for a second experiment, 
otherwise identical with the first. This general procedure was repeated in 5 additional 
experiments; in these, however, the sulfapyridine content of the medium was increased 
gradually, until growth was obtained in media containing 160 mg. per cent of the drug 
(“saturated” media as shown in chart 7 of fig. 2).- 

In order to determine whether prolonged culture in artificial media in itself altered the 
sensitivity of strain CH to sulfapyridine, the following experiment was carried out simulta- 
neously with the one just described. The parent organism was cultured in plain beef 
heart infusion broth, enriched with blood, for the same time and subcultured at the same 
intervals as the organisms that wete transferred through Bulfapyridine-containing broth. 
At the conclusion of these passages in plain broth, the sensitivity of this parent organism 
was studied, using a procedure identical with that described in the first test above. 

B. Results. Charts 1 to 7 of figure 2 show graphically the changes in sensi- 
tivity which occurred as type II, strain CH, was passed serially through media 
containing increasing concentrations of sulfapyridine. The first experiment 
(Chart 1) shows the response of the parent organism. Growth of this organism 
was inhibited slightly in media containing 4 mgm. per cent sulfapyridine and 
was checked completely by 15 mgm. per cent of the drug. Growth in media 
containing 8 mgm. per cent sulfapyridine was inhibited almost completely for 
nearly 48 hours, then slow multiplication occurred. The result obtained after 
6 serial passages of this organism through sulfapyridine-containing media is in 
marked contrast to that just described. After this number of passages (Chart 
7), growth was nearly as rapid in media containing 90 and 160 mgm. per cent 
sulfapyridine as in control media. The results in Charts 2 to 6 indicate that this 
change in sensitivity was brought about progressively, with a small but definite 
increase in resistance occurring even during the initial passage through the sulfa- 
pyridine-containing media. The results shown in Charts 4 and 5 are particularly 
indicative of a progressive development of resistance. Thus, in the experiment 
shown in Chart 4, the concentrations of sulfapyridine were increased too much 
over those used previously, with the result that growth failed to occur in the 
presence of higher drug concentrations than those used in the preceding experi- 
ment. In the next experiment, however (Chart 5), the concentrations of sulfa- 
pyridine were raised more gradually, with the result that growth occurred in a 
higher concentration of drug than was used previously. 

The results of the control experiment are shown in Chart 8 of figure 2. These 
data show conclusively that repeated culture of the parent organism in plain beef 
heart infusion broth was not in itself responsible for the increase in resistance 
noted above. In fact, the natural resistance of the parent organism seemed to 




TIME OF INCUBATION 

Fia. 2. Development of Sulfapybidinb Resistance in Type II Pneumococcus, 
Strain CH 


parent strain after seven serial passages 
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be decreased slightly following such treatment, since the passaged strain failed 
to grow in media containing 8 mgm. per cent sulfapyridine, whereas the original 
parent organism had been able to multiply. 

C. Comparison of the in vivo response of the parent and resistant organism. It 
seemed of interest to know whether the organisms isolated from the media satu- 
rated with sulfapyridine (Chart 7) -were resistant to this drug in vivo. Before 

TABLE 4 


Retention of resistance by type II pneumococcus, strain CH 



ORGANISMS 



NUMBER OF DEATHS 

SDR- 

THIRTY- DAT 

EX- 

PERI- 

MENT 

Source 

Num- 
ber in 
infect- 
ing 
dose 

BEROF 

MICE 

IN- 

TREAT- 

MENT 

Days after infection: 

OF 

MICE 

SURVIVORS 


FECTED 


1 

2 

3 

4 

5 

6 

7- 

10 

DIED 

Num 

ber 

Per 

cent 













hours 



A 

Parent organism 

250 

| 

SP20* 

0 


0 

0 

0 

0 

19 

184 

n 

37 


after 130 mouse 
passages 


1 

None 

0 


0 

0 

0 

0 

0 

30 

0 

0 

Bt 

From in vitro ex- 

1510 

30 

SP20 

0 

29 

1 

0 

0 

0 

0 

38 

0 

0 


per. 7 after 12 
mouse passages 


10 

None 

1 

9 

0 

0 

0 

0 

0 

27 

0 

0 

ct 

From in vitro cx- 

200 

30 

SP20 

0 

16 

14 

0 

0 

0 

n 

48 

0 

0 


per. 7 after 90 
mouse passages 


10 

None 

0 

10 

0 

0 

0 

0 

n 

38 

0 

0 

D 

From in vitro ex- 

300 

20 

SP20 

0 

9 

0 

0 

0 

0 


41 

0 

0 


per. 7 after 169 
mouse passages 


10 

None 

2 

8 


0 

0 

0 


29 

0 

0 

E 

From in vitro ex- 

280 

30 

SP20 

0 

9 


0 

0 

0 


3S 

0 

0 


per. 7 after 223 
mouse passages 


10 

None 

1 

8 

1 

0 

0 

0 


31 

0 

0 


* SP20 = 20 mgm. sulfapyridine 2, 8, 14, and 22 hours after infection and every 8 hours 
thereafter for 5 days, or as long as the animals survive. 

f Organisms used in this experiment were passaged through untreated mice and cultured 
in media containing 160 mgm. per cent sulfapyridine for all 12 passages. 

t Organisms used in this and the subsequent experiments were passaged through un- 
treated mice and cultured in media containing no sulfapyridine. 

the in vivo test could be carried out, however, the mouse virulence of this resistant 
strain had to be restored. This was accomplished by 12 passages of the organism 
through normal untreated mice, the blood of these passage mice being cultured 
each time in media saturated with sulfapyridine. The in vivo response of this 
organism to sulfapyridine was then studied, the infection and treatment proce- 
dure being identical with that used in the in vivo experiments described earlier 
in this report. A similar experiment with the parent type II strain was carried 
out simultaneously. 
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The results of this study (Experiments A and B, table 4) show that the organ- 
ism that had been made sulfapyridine-resistant in vitro was highly resistant 
in vivo. 2 The comparison between the responses of the resistant and parent 
strains is striking. None of the mice infected with the resistant organism recov- 
ered and the average survival time of such mice was only 38 hours. On the 


TABLE 5 

Retention of resistance by type III pneumococcus , strain CHA 
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A 

From exper. F 

400 

30 

SP20* 

0 

10 

0 

2 

0 

0 

0 

47 

0 

0 


(table i) after 
26 mouse pas- 
sages 


10 

None 

8 

2 

0 

0 

0 

0 

0 

23 

0 

0 

B 

From exper. F 

4S0 

30 

SP20 

0 

14 

15 

1 

0 

0 

0 

48 

0 

0 


(table 1) after 
44 mouse pas- 


10 

None 

6 

4 

0 

0 

0 

0 

0 

26 

0 

0 


Bagea 














C 

From exper. F 

750 

20 

SP20 

0 

11 

8 

1 

0 

0 

0 

47 

0 

0 


(table 1) after 
73 mouse pas- 


10 

None 

6 

4 

0 

0 

0 

0 

0 

24 

0 

0 


sages 














D 

From exper. F 

740 

25 

SP20 

0 

10 

14 

1 

0 

0 

0 

51 

0 

0 


(table 1) after 
142 mouse pas- 
sages 


10 

None 

6 

5 

0 

0 

0 

0 

0 

25 

0 

0 

E 

From exper. F 

1200 

30 

SP20 

1 

19 

10 

0 

0 

0 

0 

45 

0 

0 


(table 1) after 
215 mouse pas- 
sages 


10 

None 

8 

2 

0 

0 

0 

0 

0 

24 

0 

0 


* SP20 = 20 mgm. eulfapyridine 2, 8, 14, and 22 hours after infection and every 8 hours 
thereafter for 5 days, or as long as the animals survive. 


other hand, 11 of the mice infected with the parent organism recovered, and the 
average survival time of the remainder was 184 hours. It should be noted that 

* It should bo pointed out that pneumococci that have been made sulfapyridine-resistant 
in vitro aro not always resistant in vivo. Thus Sealer and Schmidt (12) have found that 
3 strains of pneumococci, which had been made highly resistant to sulfapyridine, sulfa- 
thiazole and sulfanilamide by an in vitro technique somewhat different than that described 
above, were only slightly more resistant to these drugs in vivo than were the parent 
organisms. 
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these strains were about equally invasive, the death times of untreated mice 
being essentially the same. 

Retention op resistance. It seemed of considerable interest to know how 
long the above strains retained their resistance to sulfapyridine. Accordingly, 
the various resistant strains were passed repeatedly through untreated mice, the 
blood of these animals being cultured at each passage in infusion broth containing 
no drug. At various intervals the in vivo responses of these organisms were 
tested by means of the procedures outlined in the previous experiments. 

All 4 resistant strains, type I McGovern', type II CH, and type III, Wistuba 
and CHA, reacted in a similar manner; consequently only the results with the 
type II strain made resistant in vitro, and with the type III CHA strain made 
resistant in vivo, are presented here. As the data in tables 4 and 5 show, passage 
of type II, strain CH, through 223 normal mice and type III, strain CHA, 
through 215 mice did not alter the resistance of these strains to sulfapyridine. 
Thus it must be concluded that sulfonamide resistance is a characteristic which 
is retained almost indefinitely once it is well established. However, as a previous 
study has shown (5), resistance can be lost when this characteristic is only 
partially developed. 

Discussion. As has been mentioned previously, our earlier experiments (1, 2) 
showed that under certain conditions sulfanilamide and sulfapyridine inhibit 
growth of pneumococci for a limited time only. Other investigators, working 
with pneumococci (10, 13), streptococci (14) and Brucella (15), have observed' 
this same phenomenon in varying degree. Green (15) attributed the late out- 
growth of Brucella to an increase in the amount of a growth-stimulating sub- 
stance termed “P” factor. The data in the present experiments show clearly, 
however, that the late outgrowth of pneumococci is due primarily to the develop- 
ment of sulfonamide-resistant organisms, rather than to a change in the com- 
position of the medium. 

One of the first questions raised by the present study concerns the mechanism 
involved in converting sulfonamide-sensitive strains of pneumococcus into 
resistant strains. The current experiments have shown that the development 
of resistance is a progressive process, and that when resistance is well established 
it is retained by innumerable succeeding generations of organisms. Dubos (16) 
has pointed to these phenomena as characteristics of a process of selection. It 
seems probable, therefore, that the resistant strains are developed by selective 
propagation of sulfonamide-resistant variants. 

How these resistant variants are formed originally is a question that cannot 
be answered with the data available. However, judging from experiments on 
the formation of yeast variants (17), one may suggest that sulfonamide-resistant 
variants may be formed either during normal multiplication of the sensitive 
parent organisms, or in response to some injurious action of the sulfonamide. 
There is a certain amount of evidence that can be interpreted as supporting each 
of these possibilities. Thus, Frisch (18) observed that pneumococci obtained 
from a single sputum sample of an untreated pneumonia patient exhibit varying 
degrees of resistance to the sulfonamides. This observation may indicate that 
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organisms possessing varying degrees of resistance are formed during normal 
multiplication of pneumococci. On the other hand, McKinney and Mellon (19) 
found that pneumococci exposed to sulfonamides do undergo dissociative 
changes, and Beall (20) reported recently that exposure to sulfanilamide alters 
the chromosomal arrangement of certain plants; these observations suggest that 
sulfonamides may induce mutations, and it is possible that a sulfonamide- 
resistant organism may be one of the mutants formed. It should be pointed out, 
however, that the process of selection following appearance of the first resistant 
variants would probably be the same, regardless of the manner in which the 
variants are formed. . 

It may be questioned wiictber the resistant variants formed directly from' the 
sensitive parent organisms are fully resistant to sulfapyridine. The results of 
the experiment with type II, strain CH (fig. 2), suggest that these first variants 
are only mildly resistant. When these mildly resistant variants are exposed to 
concentrations of sulfapyridine that inhibit their growdh, they give rise to more 
highly resistant organisms, just as did the parent pneumococci. By repeating 
this process it is possible to eliminate sulfonamide-sensitive organisms entirely 
and to obtain a culture made up exclusively, or almost exclusively, of organisms 
that can multiply rapidly in the highest concentrations of sulfapyridine that can 
be maintained in the bodj r fluids of animals or in artificial media. 

It is noteworthy that the superficial properties of the resistant and sensitive 
organisms studied in this laboratory seem to be identical. These properties in- 
clude morphology, capsule formation, type specificity, inulin fermentation, bile 
solubility, growth on blood agar, growth rates in beef heart infusion broth, and 
virulence and invasiveness for mice. 

The above observations raise the question as to what characteristics of the 
resistant and sensitive organisms determine their responses to sulfonamides. 
This question cannot be answered satisfactorily at present. It may be sug- 
gested, however, that sulfonamide resistance might w'ell be related to any one of 
the following properties: (I) Capacity of the organisms to inactivate the sulfon- 
amides. Inactivation of sulfonamide might be due either to the conversion of 
the drug into an inactive derivative (perhaps similar to the acetyl form) or to 
the production of sulfonamide-inhibiting substances like p-amino-benzoic acid. 
There is little information on the production of inactive sulfonamide derivatives 
by bacteria. On the other hand, sulfonamide-inhibiting substances have been 
found in a variety of bacteria and yeasts (15, 21, 22); and it is pertinent that 
MacLeod (23) found more sulfonamide inhibitor in the culture supernatant of a 
resistant type I pneumococcus than in similar material from a sensitive type I 
strain. (2) Capacity of the organism to convert the natural sulfonamide into its 
hypothetical “ active ” form. Several investigators (24-27) have suggested that 
the active principles of the sulfonamides are the oxidation products rather than 
the “natural” forms. This has not been demonstrated conclusively, but if it 
were true, then those organisms that -were unable to bring about this oxidation 
would be sulfonamide-resistant. (3) Growth requirements of the organism. As- 
suming that the sulfonamides inhibit growth by preventing utilization of an 
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essential growth material in the culture medium (22), then organisms that are 
sulfonamide-resistant must be able either to synthesize this growth essential, or 
to utilize some substitute material whose utilization is not blocked by the sulfon- 
amides. ( 4 ) The intermediary metabolism of the organism. If sulfonamides 
inhibit growth by blocking an essential metabolic process, then the resistant 
organism must have a different mechanism for carrying out this reaction than 
the sensitive organism. MacLeod’s observations (28) have suggested that there 
are differences in the intermediary metabolism of resistant and sensitive strains. 
According to this investigator, both strains dehydrogenate glucose at equal rates, 
but the sensitive organisms dehydrogenate lactate, glycerol and pyruvate, 
whereas the resistant strains do not do this. In this connection it is noteworthy 
that sulfapyridine interfered with the dehydrogenation of the 3 carbon atom 
compounds but not with that of glucose. 

Critical studies of these various possibilities are now in progress. It may be 
pointed out that an explanation for sulfonamide resistance might assist materi- 
ally in understanding the mode of action of sulfonamide drugs. 

In conclusion, it should be pointed out that the finding that pneumococci can 
acquire resistance to sulfapyridine has practical as well as theoretical implica- 
tions. Studies in pneumococcal pneumonia (8, 29) and pneumococcal meningitis 
(30) have indicated that the resistance of pneumococci to sulfonamides does 
increase sometimes during the clinical use of these drugs. Although this problem 
has not been serious as yet, it seems likely to assume greater importance when 
these resistant organisms become disseminated by their carriers 3 . This may 
curtail the value of sulfonamide therapy seriously — especially since pneumococci 
that have become resistant to one sulfonamide, such as sulfapyridine, are resist- 
ant also to other sulfonamides such as sulfathiazole, sulfamethylthiazole, and 
sulfadiazine (8, 31). 


SUMMARY 

(1) One strain of type I and two strains of type III pneumococcus were made 
highly resistant to sulfapyridine by serial passage through mice treated with less 
than curative doses of this drug. The organisms that were made resistant in 
vivo were also resistant to sulfapyridine in vitro. 

(2) A sulfapyridine-sensitive strain of type II pneumococcus was made highly 
resistant to this drug by serial passage through broth containing increasing con- 
centrations of sulfapyridine. This resistant organism was also insensitive 
in vivo. 

(3) Sulfapyridine resistance was retained by the above strains for more than 
200 passages through untreated mice. 

(4) The manner in which resistant strains are developed and possible explana- 
tions for sulfonamide resistance were mentioned and discussed. 

s Sulfonamide-resistant pneumococci have been isolated from nose and throat cultures 
of patients as long as four months after clinical cure of pneumococcal pneumonia (29). 
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Following the discovery of the pressor, oxytocic, and renal effects of posterior 
pituitary extracts, there has been considerable controversy with regard to the 
number of substances responsible for these effects. Abel and his collabora- 
tors (I, 2) maintained that the actual hormone is a “unitary” substance contain- 
ing all the activities whereas Dudley (3) early showed that at least partial 
separation of oxytocic and vasopressor activities could be effected. After 
Kamm and his colleagues (4) had achieved practically complete separation of 
these two activities, there was general acceptance of the view that at least two 
active principles (oxytocic and vasopressor) occur separately in the pars neuralis. 
This view was further strengthened by confirmatory experiments by other 
methods such as those devised in Stehle’s laboratory (5, 6). However, Abel 
(2) did not withdraw his contention that the true hormone is one substance 
but did admit that two active and separable principles could be extracted from 
the gland by appropriately drastic procedures. Rosenfeld’s (7) ultracentrifu- 
gation of chilled and clarified press-juice of ox posterior lobes also supported 
the view that oxytocic and vasopressor activities are linked together in a single 
fairly large molecule and may be liberated from the more complex unit by 
heating at about pH 4.0. 

The experiments reported here are believed to demonstrate that a pure pro- 
tein of the pars neuralis can be isolated containing constant amounts of oxytocic, 
pressor, and diuresis-inhibiting activities in ratios resembling those found in 
simple extracts of the gland. In the discussion, possible objections to this 
belief will be considered with regard to both the physico-chemical (e.g. the 
possible r61e of adsorption) and the physiological aspects of the problem. 

Methods. Physico-chemical methods. All determinations of pH were made by means 
of a glass electrode and were accurate to ±0.02 pH. The determinations of nitrogen, except 
those of table 2 for which a micro-Dumas method was employed, were all made by a micro- 
Kjeldahl method by which as little as 100 micrograms of N could be determined with an 
accuracy of ±2 micrograms. In addition to micro-determination of total sulfur, sulfur 

1 A preliminary report was published in the Proceedings of the American Physiological 
Society (Amer. J. Physiol., 133 : 473, 1941). 
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distribution (cysteine, cystine, methionine, and Bulfatc) was investigated by the Kassel and 
Brand modification of the Baernstein method (8). Anson’s method (9) was used to detect 
aulfhydryl groups (cyBteine). Solubility determinations were made at room temperature. 
The electrophoretic characteristics of the protein were determined in the apparatus of 
Tiselius (10) ; the electrophoretic patterns were photographed by the method of Longsworth 
(11). Ultracentrifugation of solutions of the protein was performed in a Bauer and Pickels 
type (12) of ultra centrifuge driven by an air turbine of the turret type. The rate of sedi- 
mentation was calculated from "schheren” patterns photographed by Philpot’s method as 
modified by Svensson (13). In several experiments ultracentrifugation of solutions of the 
protein in separation cells was performed. 

Biological methods. Estimates of biological activity were all made in terms of U.S.P. 
reference standard of posterior pituitary powder. Oxytocic activity of various fractions 
was determined by two methods: the response of the isolated guinea pig uterus or the 
depressor effect on the fowl’s blood pressure. The “physiological” solution used for the 
isolated uterus was that of von Dyke and Hastings modified to contain 0 75 mM of Ca per 
liter (14). Furthermore no Mg was added to the fluid since this cation has been found to 
increase the uterine response to the vasopressor principle (15). In determining oxytocic 
action by the depressor effect of extracts on the fowl’s blood pressure, the method of Coon 
(16) was largely followed. Dogs and less frequently cats were employed to estimate the 
vasopressor activity of extracts. Doses were kept small and repeated at sufficiently infre- 
quent intervals to nvoid tachyphylaxis. All determinations of blood pressure in the fowl, 
dog, and cat were made with the glass capsule manometer of Anderson (17). Clotting in 
cannulas was prevented by the use of a compact modification of Trendelenburg’s apparatus 
(18) to infuse slowly isotonic saline containing I5mgm. per cent of heparin. To anesthetize 
cats or chickens 200 mgm. of phenobarbital sodium per kilogram body weight were injected 
intraperitoneally (cat) or intramuscularly (fowl); dogs were anesthetized by the intraperi- 
toncal injection of 1 ml. per kilogram of 40 per cent alcoholic solution of chlorbutanol as 
recommended by Ivamm and his co-workers (4). 

In estimating the inhibition of diuresis in rats we modified Burn’s method (19) only to 
the extent of administering fluid (0.3 per cent NaCl) intraperitoneally instead of by mouth. 
As a rule either 2$ or 32 rats (7 or 8 groups) were UBed at one time. Half of the groups re- 
ceived the standard and half received the extract to be assayed; several days later the 
same doses of the same standard or extract were administered in reverse order. Therefore, 
comparison of the extract and standard was made in the same gTonps of rats (7 or 8 groupB 
of 4 rats each) as nearly simultaneously as possible. 

The melanosome-dispersing action of extracts was compared with U.S.P, reference 
standard in frogs. For this purpose, normal frogs or frogB hypopbysectomized by the 
method of Teague, Noojin, and Geiling (20) were used. 

The preparation of the pure protein from extract of posterior lobes 
of oxen. A diagram of the method of preparation is reproduced in figure 1. 
The initial suspension of freshly dissected posterior lobes obtained from frozen 
pituitaries contains 1 kgni. of tissue in 9 1. of cold 0.01 N H«S0<. The pH of 
the suspending liquid varies little (about ±0.1 pH) from the value given if 
different batches are compared. After the mixture has been thoroughly stirred 
by an electric motor it is allowed to stand in a refrigerator (4°C.) overnight. 
The separation of the residue and of all subsequent precipitates from super- 
natants is accomplished by centrifugation. Precipitation of active protein by 
the addition of 80 grams NaCI to each liter of supernatant adjusted to pH 3.90 
(step 2) is also allowed to continue overnight at 4°C. 

The last step by which complete purification is achieved is repeated until 
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solubility is constant. This step is carried out at room temperature which prob- 
ably is an important variable (20 to 25°C.) affecting solubility. In this final 
step, constant solubility rather than a solubility of exactly 100 micrograms of 
N per ml. is sought. In our experience the apparently pure protein may have 
a solubility as low as 80 micrograms of N per ml.; however, this solubility is 
constant in a solvent made as exactly as possible like that described in figure 1 
in the step next to the last. 

The method of extraction is not of high efficiency in terms of the total ac- 
tivity available (about 200,000 units per kg. fresh posterior lobes). The residue 


Frozen disserted posterior lobes of ox ground 
end suspended with stirring in O.OlN HgS 04 ;pH = 4.25 


n 

Residue reextracted separately 

1 ] 

pH of supnt. adjusted to 3.90. 80gm. NaCl added to each liter. 

1 

1 

Supnt. 

n 

Ppt. dialyzed Cl-free . lOgm. NaCl added to each liter. pH 
adjusted to 3.50 . 

1 

II 

Black ppl. 

1 

Equal volume of IM acetate buffer pH 3.90 added to supnt 
20gm. NaCl added to each liter of diluted supnt. 

1 , 

fl 

Ppt. washed twice 

1 

40gm. NaCl added to each liter of supnt. and washings 
combined . 

• 

1 

Supnt. saved 

n 

Ppt. dissolved in smallest possible vol. of water; equal vol. 
of IM acetate buffer added; NaCl added equiv. to 6.5 
gm. for each lOOcc. of buffer and water. 

1 


Supnt. saved Preceding step repeated until dissolved N in supnt. is 

constant (o. lOOmg. per cc. at 25°). 

Fig. 1 . Method of Preparing a Pore Protein with Multiple Activities by Extraction 
of Fresh Posterior Pituitaries of Oxen 


after initial extraction contains 20 to 25 per cent of total activity which can be 
removed by boiling a sample of the ground dissected lobes in 0.25 per cent acetic 
acid. About two-thirds of the 75 to 80 per cent total activity in the super- 
natant liquid separated from the residue is precipitated by the addition of 80 
grams of NaCl to each liter. Therefore, about 50 per cent of total activity is 
present in the precipitate at the end of the second step. During dialysis of 
this precipitate activity which apparently is non-protein is also lost; however, 
we have not attempted to estimate this loss accurately. From 1 kgm. of fresh 
glands about 700 mgm. of pure protein (>11,000 units) can be isolated apart 
from subsequent recoveries in supernatants of the last two steps. Samples of 
the pure protein so far isolated are amorphous. 
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Evidence that the protein isolated is pure. Constant solubility. North- 
rop and his collaborators (21) in studying crystalline enzymes have applied 
with great success the solubility test of Sprcnsen in determining the presence 
of small amounts of impurity or in demonstrating homogeneity of crystalline 
enzymes. The solubility characteristics of the protein isolated in the example 
of figure 1 are shown in figure 2. The solvent used was 0.5 M acetate buffer, 
pH 3.90, to which 6.5 grams of NaCl were added to each 100 ml. It is clear 
that by this test there is no evidence that more than one component is present 
either before the solvent is saturated with the protein or after twenty times the 
saturating concentration is in suspension. The amounts of protein wliich have 
been available have not permitted us to carry out solubility tests in other solvents 
which should be employed. We have already mentioned that at different times 
or with other preparations, constant solubility in the same solvent made later 
might be as low as 0.0S0 mgm. of N dissolved in each ml. Variables such os 



room temperature or slight changes in the pH of the buffer (e.g., pH 3.95 instead 
of 3.90) probably explain the variation in absolute amount of protein dissolved. 

Electrophoretic homogeneity. A large number of electrophoretic patterns of 
the pure protein have been photographed in the Tiselius electrophoresis appa- 
ratus. In figure 3, mobility per centimeter per second per volt per centimeter 
has been plotted against pH.^ The isoelectric point of the protein appears to 
be about pH 4.8. Examples of patterns photographed by the method of 
Longsworth (11) are shown in figure 4. The upper three patterns were made 
with three different preparations of pure protein at pH 3.41-3.47. At this pH 
only, of those used (fig. 3), there appears to be a second protein which is indeed 
small in comparison with the main component. The oxytocic activity of this 
minor substance is no greater than that of the main component in terms of 
nitrogen. At other pHs (e.g., preparation XI-85-G at pH 6.05) there is elec- 
trical inhomogeneity but no second protein can be separated. It appears that 
the minor component at pH 3.4-3.5 is closely related to the main component 
and possibly is derived from it. 

Studies of the protein in the ultracenlrif uge . In the ultracentrifuge this material 
appears to be a single homogeneous protein with a molecular weight of about 
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Fig. 4. Electrophoretic Patterns of the Protein. See Text 
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Evidence has accumulated in recent years which indicates that annual methods 
for the assay of digitalis and its glycosides give results which may be misleading 
when applied to humans (1). It has been shown that the frog method has serious 
defects in this respect, since a specimen which has the same activity as another 
when compared in humans, may be only half as strong as the other when com- 
pared in frogs. In these studies the results of the cat method proved to be a more 
reliable index of the relative potency of digitalis preparations in man, but defects 
of the cat method were also pointed out. In the past two years we have explored 
the possibilities of using human subjects for the assay of digitalis. The present 
report deals with a description of a satisfactory human method of assay which has 
been developed in the course of these studies. 

Attempts have been made in the past to compare digitalis preparations in 
humans directly, but these have been for the most part abortive. Pardee (2) 
suggested the use of the T - wave of the electrocardiogram as a measure of digitalis 
action in humans, and the minimal dose necessary to produce a distinct lowering 
of the T-wave as a means of comparing a stronger with a weaker preparation. 
In this way he compared four tinctures of digitalis and obtained some indication 
that one specimen was weaker than the others, although the method was not 
developed in such a manner as to reveal the extent of the difference. The com- 
parisons of two specimens were made on different groups of patients. Martin 
(3) attempted to compare different specimens of digitalis in man by means of the 
dose necessary to produce therapeutic effects in patients with heart failure. 
These patients received a fairly large dose on the first day and additional doses 
on subsequent days until a therapeutic effect was in evidence. The average 
amount of one specimen required for one group of patients was compared with the 
average amount of another specimen required in another group of patients. In 
this way 'he compared specimens A, B, and C, which were supplied by the 
Hygiene Committee of the League of Nations. The average doses for the three 
specimens were different, suggesting that their potency was different. In the 
light of the marked individual differences within the group and the fact that the 
end point (therapeutic effects) is not a very sharp one, it is open to question 
whether the differences in the doses are significant as an index of differences in 
the potency of the preparations. Gilchrist and Lyon (4) also made a comparison 
of the foregoing three specimens of digitalis in a larger group of patients. They 
used as the criterion the amount of slowing of the heart in patients with auricular 
fibrillation, each patient receiving the same amount of drug in relation to his 
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body weight. The results of this study also suggested that specimens A, B, and 
C we i e of different potencies, but the ratios were diffeicnt from those obtained by 
Martin with the same specimens and a diffeient method. Again, the compari- 
sons of the three specimens were made in diffeient gioups of patients. In none 
of these studies was the sensitiveness of the method tested. 

An interesting attempt to calibrate the subject was made by Dieuaide, Tung 
and Bien (5). They used one preparation and gave thiee doses at intervals of 
three weeks or longer to each of several patients. These observers seemed to be 
able to distinguish a 25% difference in dosage by the degree of shortening of the 
Q-T interval of the electrocardiogram. One of their subjects showed a striking 
three point calibration; with the smallest dose the change in the value of K l was 
0.01; with the middle dose, 0.05; with the largest dose, 0.08. The method pre- 
sents interesting possibilities for the assay of digitalis on humans, and wo propose 
to explore this end-point in the electrocardiograms of our study. 

The method we have used is based on the well-known fact that the degree of 
7'-wave and RT-T changes in the electrocaidiogram increases with the dose of 
digitalis. It should be noted that in a recent leport, Geiger, Blaney and Drucke- 
miller (0) stated that electrocardiographic changes cannot be correlated quanti- 
tatively with the amount of the drug. A detailed analysis of their paper would 
not prove profitable at this point. Their method of study was sufficiently differ- 
ent from ours to account for the contrary conclusion. DeGraff (7) has ex- 
pressed the opinion that the electrocardiogram cannot be used for the assay of 
digitalis in man for a reason that has no bearing on the method we employ. In a 
previous study (8) we showed that a comparison of two digitalis materials in man 
by means of the electrocardiogram yields the same result as when the comparison 
is made by means of one of the best-known therapeutic effects, namely slowing of 
the ventricular rate in auricular fibrillation. Furthermore, evidence will be 
presented in the present paper showing that the electrocardiogram may be used 
to establish a satisfactory dosage-i esponse curve in properly selected subjects. 

Method. The patients used in this study were selected from a case load of about 1500 
patients in attendance in our cardiac clinics. They were all ambulant Most of them had 
organic heart disease, and all the common varieties were included, rheumatic, arterioscle- 
rotic and hypertensive heart disease. They all had regular sinus rhythm. None had heart 
failure. A wide range of ages, from 17 to 65, and both sexes arc represented. Most of them 
had normal electrocardiograms. Those with abnormal ones proved, as a rule, to be un- 
satisfactory for our purposes because of their tendency to rather marked spontaneous 
variations in the form of the deflections. 

In the present technique the plan was first to calibrate patients with throe doses of the 
U.S P Reference Digitalis Powder, differing from each other by 22%. The dose of the 
unknown preparation was then selected which was calculated to produce an effect falling 
within the calibrated range, but not coinciding with the two extremes. The ratio of the 
dose of the unknown to the doseof the standard was taken torepresent the lelativc potency 
of the two preparations in a single subject. The average of these ratios for a series of si* 
or more patients established the potency of the unknown in relation to the standard. 

All electrocardiograms were taken with the patient testing and in the same position. A 


1 K expresses the Q-T interval in relation to the ejele length. 
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control electrocardiogram was taken, and immediately thereafter a dose of U.S.P, Refer* 
ence Digitalis Powder was given orally in the form of capsules. The effect of this dose was 
observed in the electrocardiogram taken 24 hours later. Such an experiment was repeated 
at intervals of 4 weeks with different doses. The object was to discover the most sensitive 
range in the dosage-response curve. The test with the unknown preparation of digitalis 
wag carried out in the same manner as with one of the doses of the standard; after a control 
electrocardiogram, a dose of the unknown was administered and its effect upon the T - wave 
determined from the electrocardiogram taken 24 hours later. 

For reading the electrocardiograms a section of the records made from lead I and lead 
II was mounted on a 4 by 6 inch filing card with the legend on the back. For each patient 


F 

Control 



After exercise 



After cold dr ink 



Fig 3. Factors Influencing the Height of the Normal T-wave 
Patient Lo Fa. Note the marked increase in the amplitude of the T-wave with e.\ercise, 
and decrease with a drink of cold water. Note also that the effect of exercise on the T - wave 
persists in the period of secondary slowing. Lead 2. 

theio were at least 8 such cards, one before and one after each of the three calibration doses, 
and one befoie and one after the dose of the unknown preparation. Five of these cards, 
including one control, were examined by an individual expert in the reading of electro- 
cardiograms who matched and ranked them according to the degree of effect on the llT^T 
group by the "blind test”, without knowledge of the legends. The ranking was sometimes 
made independently by a second person The agreement was, with few exceptions, satis- 
factory, Tlie lead in which the T-wave was most sensitive to digitalis was used, sometimes 
lead I, other times lead II. In some cases the decisions weie based on the changes in both 
ends I and II. In patients who proved suitable for assay, the order of ranking corre- 
ponded to the order of (he doses- 
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he character of the change in the electrocardiogram produced by digitalis varies from 
patient to patient and with the size of the dose. The change may be either a lowering of 
the amplitude of the 7-wave, or a flattening to depression of the RT segment, or a combina- 
tion of the two. While measurement of the change in millimeters was sometimes used the 
tendency to distortion in the contour of the entire RT-T group as the result of digitalis 
makes direct measurement as the sole means of estimating grades of change unreliable 
although it is possible that some more complex form of measurement might be devised. 

.there are several pitfalls in this method of assay of digitalis, 'and several factors require 
more extensive study. The control 7- waves, even in the most favorable subjects, showed a 
fair amount of variation. The question arose whether the effect of the dose should be 
related to the control taken 24 hours previously or to any one control tracing. Which 



4. Three-point Calibration of Patient with U.S.P. Reference Digitalis Powder 
. Patient Ro. Da. (100%) 600 mg. (122%) 732 mg. (149%) S93 mg. -Note the progres- 
sive depression of the R-T segment which distinguishes the effects of the three doses 
Lead 1. 


form of comparison gives the truer value has not been determined. We have adopted the 
procedure of relating the effects of the various doses to each other, using only one repre- 
sentative control, in order to avoid the necessity of assigning an absolute value to any one 
of the changes. We are uncertain as to whether or not this, in the end, will prove the most 
reliable technique. 

The selection of patients and the conditions under which the electrocardiograms were 
to be taken presented something of a problem. The 7 -waves of the electrocardiogram, 
both as regards height and form, are well known to be influenced by many factors: position 
of the patient, exercise, infection, cold drinks, food, respiration, and many others. Figure 1 
shows how marked such influences can be. In this case a dose of digitalis produced marked 
lowering of the 7-wave. During the period of rest following exercise, the effect of digitalis 
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on the f-wavc completely disappeared, and the T- wave became even higher than it was in 
the control. Such a change could lie grossly misleading, since the effect of the exercise on 
rate was no longer in evidence at the time that this reversal of the T - wave change was 
present. 

Figure 2 shows the opposite type of effect of cxeicisc. In this case three tests, each with 
a dose of -500 mg. of U S.P. Reference Digitalis Powder, pioduccd widely different effects 
on the IT- wave. One of these effects was similar to the effect of the COO nig. dose. It was 
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Fig. 5A. Three-point Calibration ok Patient Se. Go. with u.S P. Reference 
Digitalis Pow’der 

Note the distinct grades of change representing 22% differences in dosage. Lead 2. 
First calibration of Sc. Go. in table 1. 

then found that by means of exercise the effect of the -100 mg. dose could be converted into 
the deep P-vvave inversion of the 600 mg. dose. 

The numerous factors which influence the electrocardiogram have received a great deal 
of Attention in the literature. We have made several experiments with exercise, with cold 
drinks, and with changes in the respiration which leave little doubt that these factors, if 
not taken into account, may vitiate the results of an assay on humans (fig. 3). 

There are still other problems. Not oil patients with a normal electrocardiogram are 
suitable subjects for assay. In some the elect rocardiogram is insensitive and only negligi- 
ble changes occur, even with a dose of digitalis which produces vomiting. In some, dif- 
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ferences in doses of less than 50% can not be detected, and the range of even this degree of 
sensitiveness is very small, so that a three-point calibration can not be obtained. 

In many cases the factors which we have described as influencing the effect of digitalis 
on the T - wave are so readily brought into operation that suitable calibration is virtually 
impossible. The changes are too irregular in such cases and there is marked variation in 
the control. Such patients are not suitable for assay. 


c ioo7o 



Fig. 5B. Three-point Calibration of Patient Se. Go. with U.S.P. Reference 

Digitalis Powder 

This is a second calibration of the patient shown in figure 5A. Lead 2. Second calibra- 

n of Se. Go. in table 1. 

Results. The various factors which we have described greatly reduce the 
number of available calibrated patients. Thus far our experience involves a 
total of 97 patients in whom calibration has been attempted. In these, more 
than 1000 electrocardiograms have been examined. Eighteen of these patients 
have proved satisfactory subjects for the assay of digitalis. 

Figure -i is an illustration of the best type of subject. This shows a satis- 
factory three point calibration. The controls in this case are fairly constant. 
The electrocardiogram is very sensitive to digitalis and shows indisputable 
changes which distinguish 22% differences in the dose. 
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Figures 5A and 5B show a similar case in which the opportunity was afforded 
for repeating the complete calibration with the standard reference powder in the 
same patient during a period of 8 months. While the effects are not identical, 
each calibration gives 3 distinct grades of change in the electrocardiogram to 
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distinguish the 22% differences in dosage. This is in fact a comparison of a 
preparation of digitalis with itself in one and the same subject. 

Figures G and 7 are illustrations of the use of calibrated patients in the assay of 
two unknown specimens of digitalis. In figure G the effect of 893 mg. of the un- 
known approximates the effect of 812 mg. of the U.S.P. Reference Digitalis 
Powder, since the effect fails somewhere between that of 732 and 893 mg. of the 
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standard. The unknown specimen has, therefore, a' potency of 91% of th 
standard. In figure 7 the effect of 893 mg. of another unknown is practical! 




100% (600 


]?.?X (73P uj.il 


[893mg.) I 


Fig. 7. Illustration' of Assay of Unknown* Specimen of Digitalis (\ ) in a Patikn’i 
Calibrated with Three Doses of U.S.P. Reference Digitalis I owdlr 

Patient Se. Go. Lead 2. 


identical with the effect of 732 mg. of the U.S.P. Reference Digitalis Powder. 
This unknown specimen has, therefore, a potency of 82% of the standard. 

Table 1 shows the results of a complete assay of an unknown specimen o 
ttilw nn a series of calibrated patients. It may be noted that 1 mg. o ie 
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unknown powder equals in potency 0.83 mg. of U.S.P. XI Reference Powder, or 
the unknown is 83% of the potency of the standaid. 

We are indebted to Dr. W. J. Youden of the Boyce-Thompson Institute for 
Plant Research, Yonkeis, N. Y., for his help in examining the results from the 
statistical standpoint. Since these data involve the method of ranking and only 
a few points for each patient, a special problem arises in securing a mathematical 
expression for the reliability of an assay. The Standard Error is low in the 
typical assay shown in table 1, namely ±3.6%, but this expression is less de- 
pendable when calculated from an interrupted series of relatively coarse steps. 
Since the dose of digitalis is increased by steps of 22%, the process of interpolation 
involves steps of only 1 1%, and in a series of 0 patients the attainable precision is 
about 5%. In an experience with 8 specimens of digitalis assayed in the fore- 

TABLE l 


Human assay of digitalis 
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1+ 
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3+ 
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2+ 
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91 
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0 
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2+ 
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3+ 

893 
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75 

Ge. Bo 

M 

0 

732 

3+ 

893 

2+ 

893 

1+ 

893 U ~ 660 It 

134 

75 

Average . 

122 

S3 


* Effect. 


going manner, the ratios for different subjects in any assay usually showed a 
maximum variation of less than 25%, when the assay fulfilled all the conditions. 
One specimen of digitalis was assayed 4 times with different groups of cali- 
brated patients, in the form of tablets, capsules, a tincture made from the leaf, 
and another tincture made at a subsequent time from the same leaf. In per- 
centage of the potency of U.S.P. XI Reference Powder, the results of these 
assays were strikingly uniform : 82.0, 77.8, $6.9 and 77.5. A degree of reliability 
to within 25% or better in the human assay is therefore probable. 

Up to the present time 8 specimens of digitalis have been assayed in the fore- 
going manner. 


SUMMARY AND CONCLUSIONS 

1. A method is described for the practical assay of digitalis preparations in 
humans by means of electrocardiographic changes. 
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2. The proper selection of subjects is essential. They are ambulant. They 
should have essentially normal electrocardiograms. The control tracings 
should be fairly constant. The T - waves and RT or ST segments should be 
sensitive to 22% difference in dosage. 

3. The essentials of the method are the following: A three point calibration of 
the patient is made with the standard preparation of digitalis. The doses differ 
by 22%. Each dose is given immediately after a control electrocardiogram. Its 
effect is determined in the electrocardiogram taken 24 hours later. The effect is 
a change in the RT-T segment of the electrocardiogram. Four weeks elapse be- 
tween doses. The effects are ranked by the blind test. The unknown is com- 
pared with the standard in each of several such calibrated subjects. The potency 
of the unknown is expressed in terms of the standard and represents the average 
of the ratios obtained for each of several subjects. If a group of calibrated pa- 
tients are available, the answer for an assay of an unknown specimen may be ob- 
tained within a period of 24 to 48 hours. 

4. The many sources of error in this technique are pointed out. 

5. This method for the assay of digitalis on humans is now being applied to the 
standardization of digitalis preparations of commerce. 
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Previous reports (1, 2) have suggested that the embryonic chick heart may 
be a suitable preparation for the assay of digitalis glycosides and a comparison 
of lanatoside C, digoxin and digitaline Nativelle by this method gave results 
which agreed better with the oral human dosage than did those obtained with 
either the cat or the frog. The object of the present study was, therefore, to 
standardize a technique which could be carried out on digitalis tincture and whole 
leaf by an operator without previous training in embryology, to design an assay 
which would give the maximum information from the biological material used, 
and to determine the average accuracy and precision which may be expected 
from the method. 

Procedure Incubation. It is desirable to use eggs from pure bred hens which hove alt 
been laid on the same day, and incubation should be started as soon after laying as possible. 
However, the results have been satisfactory as long as eight days afterwards. Any forced 
draft incubator with accurate temperature control 1 may be used. In the assays described 
below* the eggs were put into the incubator in lots of 22 every hour for five hours, and the 
assay was started on each lot 47 hours later. A temperature of 39° ± 0.5*C. was found to 
bring the embryos to the desired degree of maturity within this time interval, but this 
value must, of course, be adjusted to meet individual conditions. No humidity control 
seemed to be necessary for so short an incubation period. 

Preparation of solution*. Specimens of powdered digitalis whole leaf were made into 
tinctures by the U S.P. XI method. In the case of tablets 25 or more were finely powdered 
and suspended in a volume of the official menstruum which would give roughly one U.S.P. 
XI digitalis unit per cc In either case, the samples were shaken continuously for 24 hours, 
centrifuged and the tincture decanted. All tinctures Were preserved at 5°C. in the dark 
and used within one week of preparation. The U.S.P. XI reference powder was used ns 
the standard and its tincture was in every instance prepared simultaneously with the un- 
known. Two dilutions each of standard and unknown tinctures were made with Tyrode 
solution* within the range 2 5 and 25 cc. per 10 liters. As will appear below*, it is essential 
that the ratio of high to low concentration for the standard be identical with that for the 
unknown so that the suggested factorial design will be applicable. A ratio of 2 5 to 3 was 
usually appropriate. The proper concentrations were determined by a few exploratory 
experiments and were such that atrioventricular block occurred within 2.8 and 12 minutes. 
It is desirable to have the hearts block at about the same average time for the low concentra* 
tions of standard and unknown, and again for the high concentrations. 

The warm chamber. An ordinary compound microscope is mounted in the center of a 
chamber about 12 inches high and with a base about 15 by 15 inches square. This may be 

1 Such as Model 90, American Electric Incubator Company, New' Brunswick, N- .1. 

* Percentage composition used in tins work was as follows: NaCl.O 8; ICO, 0.02; CaCI«, 
0 02; MgClj, 6H s O, 0.01; NaH t PO«, 0 005; NallCO,, 0.03 and glucose, 0.1. The pH was 7.4. 
The solution must, of course, lie prepared on the day of the assay. 
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constructed of wood or any insulating material. It is provided with a hole in the top for 
the ocular of the microscope and a sliding panel on the right side which allows access to the 
stage through an opening 5 inches in diameter. A glass window is mounted in the back for 
illumination. Temperature regulation is accomplished by means of a 60 watt carbon fila- 
ment lamp for heater, hydrogen sealed mercury thermoregulator, vacuum tube relay to 
protect the mercury contacts and a 5 inch, 6 volt auto fan with rubber blades to dissipate 
the heat of the lamp rapidly. Twenty diameters is sufficient magnification and gives a 
large enough field to allow three hearts to be observed at the same time. Before beginning 
the dissection a drop of one of the diluted tinctures is transferred to the well of a slide, 1 
covered and placed on the stage of the microscope in the warm chamber. The drop has 
then reached the temperature of the chamber by the time the hearts are ready. 



A B 

Fig. 1-A. Photograph (5/6 Actual Size) ok Egg Opened to Show Embryo 
Lying on Yolk 

The diameter of the area enclosed by the sinus (between arrows) is used as a preliminary 
criterion of degree of development. The square indicates the portion which is excised. 

B. Drawing of an entire embryo (12 diameters) showing details of the dissection 

Dissection and selection of hearts of desired degree of maturity. An oval window is cut in 
the shell of the egg, exposing the yolk. If the embryo is not lying directly in view', as in 
figure 1A, the yolk may be rotated with the handle of a scalpel. This process is usually 
aided by pouring off some of the albumen. If the largest diameter of the area included by 
the venous sinus does not fall within 14 and 18 mm. (between arrow’s in figure 1A) the egg 
mav be discarded at once as being outside the desired range of maturity. Otherwise, with 
the embryo in full view a pair of clean moist scissors is used to make four cuts (as shown by 
the square in figure 1A) in the membranes, one posterior to the heart across the mid-body 

1 A well which is approximately 18 mm. in diameter and 1.75 mm. deep, and drops of 
0.05 to 0.08 cc. were found to be satisfactory. 
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region of the embryo, and three more, close enough to the head to avoid inclusion of yolk 
in the portion to be removed. Avoiding the heart, a pair of moist forceps permits one to 
lift this region of the embryo off the yolk and place it in a shallow dish of fresh Tyrode 
solution at room temperature. Two mere embryo fragments arc cut out in the 6ame way 
aad all three are allowed to wash for a minute or two so as to remove any adherent albumen. 
They are then transferred to a small lake of Tyrode solution on the stage of a dissecting 
microscope. In the removal of the hearts two cataract knives are used. "With the point of 
the knife in the region marked with a cross in figure IB, the amnion is jerked away from the 
heart. By a scissor-Hkc use of the knives the conus first and then the sino-atrium are 
transected as indicated respectively by the upper and loner black line3 in figure IB. ■ 

The three hearts are now examined for degree of development, in which case figure 2 
may be of some help. There are no fool-proof criteria which will substitute for 2 or 3 
days of experience gained by actually working with the embryonic heart. In general, 
however, one can say that in Figure 2A the heart is underdeveloped and is relatively diffi- 
cult to remove from the embryo because of the presence of the dorsal mesocardium (mesen- 
tery). There is little differentiation of an atrium. In figure 2B the dorsal mesocardium 



ONE MM; 


Fig. 2, Photographs (40 Diameters) to Illustrate Criteiii\ Used in Restricting the 
Hearts to a Narrow Range or Development 
Hearts qualitatively resembling A and C are rejected while those resembling B arc used 
in the assay. 

may be considered to be absent, and the heart has reached a degree of development which is 
considered normal as far as the assay is concerned. The atrium is well formed and the 
texture of ventricle and conus is quite uniform. In figure 2C the heart is overdeveloped 
and the texture of ventricle and conus differs because of the appearance of trabeculae in the 
ventricular wall Hearts corresponding to 2A and 2C are discarded and replaced by others 
until three satisfactory ones remain on the stage of the dissecting microscope. The rc- 
triclion of the hearts according to these qualitative criteria ia quite objective and avoids 
a size measurement which would be prohibitive from a practical point of view*. The dis- 
section must be done with dispatch and no more than 6 minutes 4 should elapse between the 
opening of the first egg and the transfer of the three hearts to the digitalis solution in the 
well slide. The transfer is accomplished by means of a very thin, flat strainer about 2 
mm in diameter. This may easily be fashioned by hammering the end of a fairly heavy 
gauged platinum wire after which holes are inserted with a steel needle and the edges 


4 In case many eggs hate to be discarded because of infertility or improper development 
it is better to determine the end point with one or two hearts at a time until the required 
group of three at that concentration has been completed. 
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trimmed and smoothed. The three hearts are picked up and the bottom of the strainer is 
touched to a clean glass plate to remove adhering Tyrode solution. The hearts are then 
put into the drop in the well slide and the stop watch started. 

Timing the appearance of end points. The end point adopted was the appearance of a 
block between atrium and ventricle or of dropped beats for the whole heart. The former 
accounts for the great majority of cases. In making observations, however, caution should 
be exercised not to consider a block between ventricle and conus since this occurs earlier 
and with less consistency than A-V block. As a matter of fact, most of the conus may be 
cut off in the dissection if desired but great care should be used to maintain the integrity 
of the atrium. The time for the appearance of the end point is then recorded for each of 
the three hearts after which they are discarded. Thi3 process is repeated 10 times, making 

TABLE 1 

Observations for a typical assay 

Assay No. 3S, January 1, 1942, temperature 37.5 ±0.3° C. 

Unknown — Tincture prepared from commercial sample of powdered leaf, 0.1 gm. per 
cc. menstruum. 

Standard — U.S.P. XI Reference powder, 0.1 gm. per cc. menstruum. 



Si 

| 5. 

1 " 

V, 

Concentration, ce. tincture per 10 
liters 

4.17 


■ 

25.00 

Dilution 

1 : 2-100 

1:800 

1:1200 

1:400 

f 

8.42 

3.00 

8.8S 

1.50 

I 

10.10 

3.4S 

9.95 

2. 08 

! 

7.9S 

3.S9 

5.9S 

3.10 

1 

j 

8.40 

2.4S 

0.30 

2.20 

i 

7.35 

2. CO 

7 20 

3.00 

i 

10.28 

3.00 

7.45 

3.22 

Block time in minutes ^ 

I 

5.10 

2. CO 

5.70 

2.40 


5.40 

3.10 

G.00 | 

2.7S 

| 

! 

7.oo ; 

i 

4.20 j 

G.C3 J 

2 S2 

i 

i 

i 

5.10 : 

1.74 j 

5.2S | 

2.78 

! 

7.14 j 

3.oo ; 

G 70 j 

3 00 

1 

S 00 | 

4.50 j 

7.91 j 

3 40 




— 




a total of 4S hearts, 24 on standard and 24 on unknown. A definite order should be adopted 
such as the following: low concentration of standard (.S',); low concentration of unknown 
((-,); high concentration of standard (.S’,); high concentration of unknown (/’ •.)■ The 
temperature in the warm chamber is recorded after every group of three and the data dis- 
carded if this is found to vary by more than 0.3°C\ from the average temperature for that 
assay. A complete set of observations for an assay is given in table 1. 

Results. Calculation of ratio of standard to unknown and its standard error. 
The observations in table 1 have been so planned as to make use of the factorial 
coefficients devised by Bliss and Marks (3) for a “two dose assay.” A complete 
set of calculations for these data is given in tables 2 and 3. Time and conceit- 
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tration have both been changed to logarithms and the following conventional 
notation has been used: X is log concentration; x is a factorial coefficient 3 which 
is used as a deviation from an arbitrary mean log concentration of zero; X, and 
are mean log concentrations for standard and unknown respectively; y is log 
time; Y p is the sum of the log time values for a single log concentration X; 
S(xY p ) is the sum of the products of each factorial coefficient (s) for a given log 
concentration and its corresponding Y p (three values of S(xY p ) will thus be 
obtained from which variances (1), ( 8 ) and (3) in table 3 are calculated); N is 
the number of observations at each concentration; n is the total number of 

TABLE 2 


Calculations of observations given in table 1 



Si 

... * | 

Vx 

U, 

A’ log concentration 

0.6201 

1.0969 

0.9206 

1.3979 


0.9253 

0.4771 

0.9484 

0 1761 


1.0043 

0.5416 

0.9978 | 

0.4281 


0.9020 

0.5S99 

0.7767 

0.4914 


0.9213 

0 3945 

0.7993 , 

0 3124 


0.S663 

0.4150 

0 8573 

0.4771 


1 0120 

0.4771 ; 

0.S722 

0.5079 

y =» Jog time 

0 7076 

0 4150 

0.7559 

0.3S02 


0.7324 

0.4914 

0.7782 1 

0 4440 


0.8451 j 

0.6232 | 

0.8215 | 

0.4502 


0.7076 

0.2405 i 

0 7226 j 

0.4440 


0,8537 

0.4771 i 

0.8261 ; 

0.4771 


0.9031 

0.6352 

0.8998 | 

0.5315 

Y„ . 

10.3S37 

5.7776 

10.0558 | 

5.1500 


Sy 31 3671 Sy* 22.529,363 

(Sy) 3 /n 20. 497,812 
Total Sum of Squares 2.330,551 


observations; D 2 and B 2 are variances which are defined in table 3 ; .s 2 is the vari- 
ance of the population; I is the interval in logarithms between concentrations 
Si and <Sa or U i and f/ 3 which must, of course, be identical. Fiom table 3 it 
will appear that the log ratio of potencies (J/) is -0.2531 ± 0.0342. The 

4 The appropriate coefficients for the possible sources of variation which may be isolated 
statistically are given in the third column of Table 3. The factorial notation may be 
equated to the familiar expressions of Fisher as follows: S(X - A'J* » (I/2)*XS(x*) and 
5(A' ~ A')(y — y) ~ (T/2)S(xY p ) where S(iK p ) is calculated using the row of coefficients 
for linea r regres sion. The common slope is then, 2S(xY P )/IXS(z*) and its standard error 
is 2s/lVNS(x*) which in this case reduces to S(xY p )/SJ,l ± s/SIyfs since «V is always 12 
and <S(i*) is always 4. 
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trimmed and smoothed. The three hearts are picked up and the bottom of the strainer is 
touched to a clean glass plate to remove adhering Tyrode solution. The hearts are then 
put into the drop in the well slide and the stop watch started. 

Timing the appearance of end points. The end point adopted was the appearance of a 
block between atrium and ventricle or of dropped beats for the whole heart. The former 
accounts for the great majority of cases. In making observations, however, caution should 
be exercised not to consider a block between ventricle and conus since this occurs earlier 
and with less consistency than A-V block. As a matter of fact, most of the conus may be 
cut off in the dissection if desired but great care should be used to maintain the integrity 
of the atrium. The time for the appearance of the end point is then recorded for each of 
the three hearts after which they are discarded. This process is repeated 16 times, making 

TABLE 1 

Observations for a typical assay 

Assay No. 38, January 1, 1942, temperature 37.5 ±0.3° C. 

Unknown — Tincture prepared from commercial sample of powdered leaf, 0.1 gm. per 
cc. menstruum. 

Standard— U.S.P. XI Reference powder, 0.1 gm. per cc. menstruum. 



Si 

St 

Ui 

u. 

Concentration, cc. tincture per 10 






4.17 

12.50 

8.33 

25.00 



1 :2400 

1 :SOO 

1:1200 

1:400 


’ 

8.42 

3.00 

S.88 

1.50 


10.10 

3.4S 

9.95 

2.68 


7.9S 

3.89 

5.9S 

! 

3.10 

1 

8.40 

2.4S 

6.30 

2.20 

1 

7.35 | 

2.60 

7.20 

3.00 

1 

10. 2S 1 

3 00 

7.45 

3.22 

Hock time in minutes { 

1 

i 

5.10 

2.60 i 

5.70 

2.40 

1 

5.40 

3.10 | 

6.00 ! 

2.78 

i 

7.00 j 

4.20 ; 

6.63 j 

2 82 

j 

5.10 I 

1.74 1 

5. OS 1 

3 78 


7.14 I 

3.00 ! 

6.70 

3.00 

l! 

| S 00 j 

4.50 

7.94 

3.40 


a total of 48 hearts, 24 on standard and 24 on unknown. A definite order should he adopted 
such as the following: low concentration of standard (.8,); low concentration of unknown 
(Ui); high concentration of standard (S : ); high concentration of unknown ((":)• The 
temperature in the warm chamber is recorded after every group of three and the data dis- 
carded if this is found to vary by more than 0.3°C. from the average temperature for that 
assay. A complete set of observations for an assay is given in table 1. 

Results. Calculation of ratio of standard to unknown and its standard error. 
The observations in table 1 have been so planned as to make use of the factorial 
coefficients devised by Bliss and Marks (3) for a “two dose assay.” A complete 
set of calculations for these data is given in tables 2 and 3. Time and concen- 










DIGITALIS ASSAY ON CHICK HEART 


213 


Tests of significance. The computations used here have been given only 
briefly since they have been described in detail by Bliss and Marks (3) using 
the assay of insulin as illustration. The factorial coefficients greatly facilitate 
the calculation of the potency ratio and its standard error and the three variance 
ratios given in table 3 upon which rest the determination of the validity of the 
assay. The significance of these variance ratios may be tested with the tables 
of Sncdecor (4) or Fisher and Yates (5) using in each case 1 and 44 degrees of 
freedom for the gi eater and lesser mean squares respectively. The three vari- 
ance ratios may be interpreted as follows: 

(Fi): The ratio 1.97 fails to exceed the expected value of F for a probability 
of 0.05 and is therefore not significant. While it is desirable that standard and 
unknown be compared at equal time levels as was the case in this assay, it is not 


LOG CONCENTRATION 



4 3 • 7 8 * 10 13 20 2 3 

CONCENTRATION IN CC TINCTURE PER 10 LITERS 


Fio. 3. Graph Showing the Time-Concentration Curves for Standard (Si, S 5 ) and 
Unknown (Ui, U s ) for the Assay of Tables I, II and III 

The log ratio of potencies (M) may be estimated by inspection of the graph; it is the aver- 
age distance between the lines in a direction parallel to the axis of concentrations. 

necessary to reject an assay for which F \ is significant as long as no mean block 
time falls outside the limits of 2.8 and 12 minutes. 

(Ft): The value 195 exceeds greatly the expected F for a probability of 0.001. 
The assay should be rejected if F 2 fails to be highly significant at these odds. 
Such an occurrence would indicate that either (I) the concentrations are so close 
together that the method will not differentiate them, or (2) the hearts were 
insensitive to the drug, or (3) the high concentrations fell along the floor of 
the curve. 

(F 3 ): The variance due to lack of parallelism for the standard and unknown 
curves is here less than the erior term and therefore not significant. X atui ally 
the assay must be rejected if F 3 exceeds the expected F and a piobability of 0.05 
would seem to be sufficiently exacting. The results of every assay were com- 
puted and tested for validity as in this example. 

Position of the floor of the curve. The floor of the curve was explored with an 
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official tincture prepared from the U.S.P. XI Reference Fon der. Six hearts were 
used on each of the following concentrations in ec. per 10 liters: 2.95, 2.95 \/2, 
(2) (2.95), (2 v / 2)(2.95), (4)(2.95), (4 V2)(2.95), and (8) (2.95). This scheme 
gives an equal logarithmic dosage interval of 0.1 505. The mean log block time (y) 
was plotted against log concentration (X) in figure 4 and the floor of the curve is 
seen to occur at about 2.8 minutes. Anything lower than this time level must, 
accordingly, be avoided in an assay. The ceiling of the curve is indeterminate 
since the variation becomes excessive and the experiment unduly protracted. 

Linearity of the relationship between log time and log concentration . Using 
the data from the experiment just described a rigid test was made for linearity 
within the 2.8 and 12 minute time limits, orthogonal coefficients being employed 

LOG CONCENTR ATI ON 



Fid. 4 . Graph Showing tub Tlmb-Coxcextration Keiatioxsiiip in Mona Detail sou 
the Action or Digitalis on the Embryonic Chick Heart 
T he portion of the curve to be avoided in an assay is indicated by the dotted line. 

to simplify the computation. The method has been applied to bio-assay prob- 
lems before (3) and it will be .sufficient to give in table 4 the analysis of variance 
for the data. The large value of 123 for the variance ratio for linear regression 
as compared with the ratios for a second or third order polynomial makes it 
clear that a linear relationship is the best interpretation of the data. 

Magnitude of the slope and standard deviation. The slopes have been found to 
vary to a considerable extent from day to day and the hearts seem more sensi- 
tive in the summer than in the fall and winter. Urns, in table 5 the first group 
of six assays carried out in the summer shows a variation in slope from 0.0 to 
1.5, while the second or winter group is 0.5 to O.S. However, this does not 
constitute any overall difference in precision since the standard deviations listed 
in table 5 are also about twice as large in summer as in winter. The two efforts 
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balance each other since the standard error of the potency ratio is directly 
proportional to the .standard deviation and inversely proportional to the slope. 
It might be noted here that because of the wide seasonal variation in slope the 
use of a standard curve would not be valid. Thus, it is essential that at 
least two concentrations be used on both the standard and unknown so that the 
slopes are determined independently for each assay. 

Influence of temperature. The influence of temperatme was explored in the 
hope of thereby increasing the precision. An experiment was carried out using 
an official tinctuie prepared from U.S.P. XI Reference Powder. Two appro- 
priate concentrations were tested at 35.0° 0.3° C. and two more at -10.0° =fc 

0.3° C. with twelve hearts at each concentration. The data for the two tem- 
peratures were obtained in parallel on the same lot of eggs much as in an assay. 
The icsults are shown giaphically in figure 5. It is evident that the slope was 

TABLE 4 


Analysis of variance as a test of linearity for (lie relationship between log time and log 
concentration 



VACATION DUE fO 

DEGtEES 

or 

F*EEDOU 

svu or 

SQUASES 

i 

vAxiiMre 

! \AKUNCE 
[ SATIO ( F ) 

1 

Linear regression oflog time (y) on log con- 
centration (X) 

1 

0.740,931 

0 749.931 

( 123 

2 

Regression of y on X nccoiJmg to ,i second 
order polynomial 

1 ] 

0 000, G47 

0 000.647 

j 1.07 

3 

Regression of y on X according to a third 
order pul} nomial 

1 

0.000.195 

0 000,195 

<1 

4 

E\pem»ental error or the discrepance be- 
tween item 5 and items 1 + 2 + 3 

20 

0.121.913 1 

0-006, TO5 1 

1 

5 

j Total 

1 23 

[ 0 872, 6S6' 

1 



doubled by a 5°C. rise in temperature. However, the standard deviation was 
not improved at the higher tempeiature and the hearts beat at an abnormally 
high rate. A mote physiologic temperature of 37.5 <5 C, was therefore adopted. 
This experiment serves in addition to emphasize the importance of accurate 
temperature contiol during an assay. 

Breed of hen. Eggs from the two principle types of lien, Leghorns and Rhode 
Island Reds, \ve»c used in various assays over a short period of time and no 
significant difference in slope or standard deviation was observed. 

Practical considerations. On the basis of about 50 assays the yield from a lot 
of eggs was roughly as follows: 73% satisfactory as in figure 2B and 27% re- 
jected because of, abnormalities (0.7%), sterility (7%), underdevelopment as in 
figure 2A (12%), ovei -development as in figure 2C (S%). Incubation of nine 
dozen eggs as&uicd -18 hearts for the assay with enough in excess to take care of • 
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TABLE 5 


Homogeneity of replicate assays 



STANDARD 
DEVIATION \/i* 


GRAMS U.S.P. XI 
REFERENCE POWDER 

DATE OF ASSAY 

COM DINED SLOPE ± 1 

EQUIVALENT TO ONE 

STANDARD ERROR 

TABLET OR ONE CRAM 
POWDER ± STANDARD 
ERROR 


Preparation: Lederle Lot 18 Digitalis Tablets 


June 19, 1911 

0.117 

-1.10 ±0.09 

0.08S0 ± 0.0062 

June 28, 1911 

0.168 

-1.51 ± 0.13 

0.0710 ± 0.0054 

June 30, 1911 

0.151 

-1.35 ± 0.17 

0.0S35 ± 0.0051 

July 1, 1911 

0.111 

-0.78 ± 0.11 

0.0703 ± 0.0069 

July 5, 1911 

0.113 

-0.96 ± 0.11 

0.0775 ± 0.0061 

July 1, 1911 

0.131 

-0.61 ± 0.15 

0.0696 ±0.0111* 


Weighted mean (SI) 0.0773 ± 0.0027 
x\i with 5 degrees of freedom 6.720 


Preparation: New York Heart Association Powder No. 7 


December 3, 1911 

0.088 

-0.6S ± 0.06 

0.665 ± 0.058 

December 12, 1911 

0.097 

-0.83 ± 0.07 

0.592 ± 0.016 


0.065 

-0.56 ± 0.01 

0.599 ± 0.018 

January 23, 1912 

0.076 

-0.61 ± 0.01 

0.710 ± 0.058 

January 28, 1912 

0.062 

—0.55 i 0.0-1 

0.709 ± 0.053 

January 30, 1912 | 

0.084 

-0.66 ± 0.01 

0.756 ± 0.061 


Weighted mean (.1/) 0.CG2 ± 0.022 
XV with 5 degrees of freedom S.S91 

* No selection of hearts according to degree of maturity was exercised and the standard 
error will be seen to be nearly double the usual value. 


LOG CONCENTRATION 



Fic 5 Gr\fh Showing the Influence ok Teupebatihe on the Slope of the Time- 

Concentration Curve 
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orienting experiments. The cost of the embryonic chick heart assay is of the 
same order as the cat and the frog, with the advantage that fertile eggs can be 
readily obtained in all seasons and districts. Each assay requites the attention 
of one person for about five hours. 

Precision and accuracy. The reproducibility of the method may be judged 
from table 5 in. which are listed the results of six replicate assays on each of two 
preparations. It will be seen that the potency ratios and their standard errors 
appear to be consistent within each group. As an objective test of homogeneity 
X*v was calculated as suggested by Miller, Bliss and Braun (0) and in each case 
failed to reach a probability level which would cast doubt on the randomness of 
the observations. The weighted mean potency ratio (Af) was also determined 


TABLE 6 

Assay of known dilutions of digttahs tincture 



1 GRAMS V S V XI REfEST.SCE POWDER 



' EQUIVALENT TO : 

1 CC DILUTED TINCTURE 


DATE or ASSAR 

± STANDARD ERROR 

RES CENT ERROR 


| Known talue 

Found by a$s»y | 


January 14, 1942 

0.0333 

0 0355 ± 0 0031 

— 1 

Km ember 11, 1941 1 

0 0572 

0 06)0 ± o m 2 1 


January 17, 1942 j 

0 0750 

0.0775 ± 0.0000 



TABLE 7 

Grams V S P XI Reference Powder equivalent to one gram of unknown ±: standard error 



'new >ork heart asso- 

1 ClATION POWDER NO 7 

POWDER A 

POWDER 8 

Cat 1 

0 61* ± 0 05 

1 10t ± 0.0G 

0 78f 0.04 

Man 

I 0 67* ±0.12 ! 

0 7St ± 0 03 

l 0.S61±0.05 

Embr>onic chick heart 

0.66t ± 0 02 

0 69 ± 0 07 

0 56 =b 0 04 


* Results of Dr. B. J Vos, Jr and Dr. Lloyd C Miller, Food and Drug Administration! 
on normal man. 

t Results of Dr. Harry Gold, Cornell University Medical College, on cardiac patients, 
t Weighted mean of m\ assays (see tabic 5). 

(6) for each of the series using the invariance (l/s\) as the weight for each ratio. 
In the assay dated July 1, 1941 (table 5) the selection of hearts accoiding to 
degree of maturity was intentionally omitted. The standard erjor was ac- 
eoidingly about twice the usual value, which demonstrates the advantage of as 
rigid a selection as possible. As a test of the accuracy of the method three dilu- 
tions were made of an official tincture of the U.S.P. XI Reference Powder and 
blind assays wete then urn on each using its patent tincture as standard. The 
iesults are given in table 6 in which the eriors will be seen to lie within 3 and 7% 
of the known values. For all assays, the standard enors arc on the average 
d=8% of the potency mtioT which would **eeni to make the method compat able 
in accuiaey to other bio-assays. It E iccognizcd, of course, that the only true 
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test of accuracy lies in the satisfactory prediction of the human potency ratio 
for two preparations of different origin. At present only preliminary data can 
be included. In table 7 is given a comparison of the results obtained on the cat, 
embryonic chick heart and man for three samples of digitalis powder. It will 
be seen that the deviations between the human and cat assays are respectively 
9, 41 and 9%, while for the same preparations by the chick heart they are 2, 12 
and 35%. 


SUMMARY AND CONCLL'SrONS 

1. A technique has been described for the assay of digitalis tincture or whole 
leaf preparations which requires no elaborate equipment and no extensive 
training on the part of the operator. 

2. A design has been suggested which facilitates the calculation of the potency 
ratio of standard to unknown with its standard error and appropriate tests of 
significance. 

3. The results of replicate assays have been found to be consistent within 
their sampling errors. 

4. The error in the assay of known dilutions of tincture was found in three 
cases to lie within 7%. 

5. Comparative assays of three digitalis powders using the U.S.P. XI Ref- 
erence Powder as standard suggest that the chick heart method gives results 
which are at least as close to man as the cat assay. Further work, of course, is 
necessary to reach a definite conclusion on this point. 

The authors wish to express their indebtedness to Professor Arthur C’. DeGrafT 
for his advice and cooperation; to Mr. Leon Todd, Managing Director of the 
Northeastern Poultry Producers Council, for his kindness in arranging a regular 
supply of eggs under carefully controlled conditions; and to Miss Jane Fraser 
for technical assistance. Part of the expenses of this study were defrayed by a 
grant from the John and Mary R. Markle Foundation, which is gratefully 
acknowledged. 
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In a previous paper (1), it was pointed out that certain sympathomimetic 
amines, notably ephedtine and tvraniine, which produce vasoconstrictor (pressor) 
effects and me desensitized by cocaine in vivo, were almost completely ineffective 
when dissolved in Locke’s solution and perfused through cats’ legs. The addi- 
tion of 1 : 10,000,000 epinephrine to the Locke’s solution restored the vasocon- 
strictor activity of the amines, as did also perfusion with defibrinated ox-blood. 
The latter has been shown to contain appreciable amounts of epinephrine for 
several days after collection (2). Perfusion with other agents such as barium 
chloride, post-pituitary solution, calcium chloride, insulin, thyroxin, and gelatin 
(to simulate blood viscosity) in Locke’s solution failed to restore the vasocon- 
strictor activity in the absence of epinephrine. This dependence of the actions 
of ephedrine and tyi amine on available epinephrine was explained according to 
current theories of blocking by these amines of ferments which normally destroy 
epinephrine in the peripheral structures and thus permit its accumulation in 
greater than (local) threshold concentration (Gaddum cl al). 

Tire desensitization of the pies^or effects of tyr amine and ephedrine by cocaine 
could be explained by the same theories if cocaine also blocked these ferments 
m vtt'o as it has been shown to do m vitro (8, 11). That is, after complete 
cocainization, ephedrine and tyr amine could cause no further interference with 
the destruction of tire tissue epinephrine supply. Such enzymic inhibition would 
explain the sensitization of epinephrine effects on blood pressure by cocaine and 
by these same amines, phenomena which have been known for some time. 
Proof of such a mechanism for ephedrine has already been obtained by Gaddum 
and KwratkoW'ki (3). It therefore seemed desirable to determine whether 
cocaine also prevents the destruction of epinephrine in tissues, and hence acts 
fundamentally similarly to the sympathomimetic amines. The literature on 
this phase of cocaine actions has recently been thoroughly reviewed (12) and 
need not be recapitulated here. Of special interest in this connection is the 
report of Clark and Raventos (4) that cocaine does not increase the amount of 
sympathin liberated by nerve stimulation, but rather slows the rate of sympathin 
inactivation in tissues. If this is tnre, perfusion with a weak solution of epineph- 
rine together with cocaine should show a higher recovery of epinephrine in the 
perfusate than perfusion with epinephrine alone. 

1 Suppoi ted tu part by Grant tfUSO of the Therapeutic Research Committee of the Coun- 
cil on Pharmacy and Chemistry, of the American Medical Association, and by the Rocke- 
feller Fluid Research Fund of Stanfmd Medical School. 
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The results obtained by us in support of this proposition are clear-cut, although 
not as extensive as we would ordinarily desire. Since opportunity for continuing 
work on this problem seems unlikely in the near future, the results are presented 
herewith in their present form. 

Rate of epinephrine destruction 

Cats were anesthetized with sodium pentobarbital, the femoral arteries cannulated and 
perfused with Locke’s solution to wash the blood out of the legs. The limb 3 were severed 
through the hip joint and placed in a warm water-jacketed funnel from which the venous 
outflow was collected quantitatively. The femoral cannula was joined to a perfusion pump 
of constant output, and with a mercury manometer which traced arterial pressure changes 
on a kymograph as the peripheral resistance altered. This was the equivalent of blood 
pressure tracings in vivo. The Locke’s perfusion fluid was warmed to 37°C., and the rate of 
flow was kept constant throughout, after adjustment at the outset, by changing the rate or 
stroke of the pump to give a satisfactory level of pressure. As a further check the rates of 
flow were measured continuously through timed samples of the output fluid. The epineph- 
rine content of both output and input fluid were measured in samples taken at frequent 
intervals, by means of Shaw's method (5). From these values we computed the total 
amount of epinephrine destroyed per minute by the vascular bed of the leg in the 'presence 
and absence of cocaine. When appropriate blank and control samples were run, it was not 
found necessary to use the adsorption steps of Shaw’s procedure, since interfering sub- 
stances usually removed in this way were not a complicating factor in our perfusions with 
Locke’s solution. Control estimations showed that epinephrine could be measured quan- 
titatively by this method in the presence of cocaine as high as 1:4030 concentration, which 
was much more than was used in the perfusions. Therefore, cocaine did not interfere with 
the chemical estimations of epinephrine. 

Perfusion with Locke’s solution alone caused a slight initial vasodilatation 
and then stabilization of perfusion pressure at a lower than normal level. Addi- 
tion of 1:150,000 to 1:500,000 cocaine hydrochloride to the Locke’s solution 
produced no vasoconstriction, but, on the contrary, a vasodilatation, thereby 
demonstrating a lack of direct pressor power. Epinephrine in concentrations of 
1 : 20 to 1:5 million in the Lock’s solution caused an elevation of pressure. This 
was accompanied by a rate of epinephrine destruction that was fairly constant 
for each animal and of a magnitude roughly proportional to the epinephrine 
present in the perfusion fluid. The addition of cocaine, 1 : 500,000 to 1 : 150 , 000 , 
to the epinephrinized perfusion fluid caused additional rises in pressure (fig. 1). 
The rate of epinephrine destruction was decreased at the same time. Subse- 
quent perfusion with Locke’s solution alone caused a fall in pressure to the 
original control level. The leg was still quite reactive to injected epinephrine 
at the conclusion of each experiment. The essential parts of a pressure tracing 
are presented in figure 1, and the numerical results are summarized in table 1. 
Table 1 shows that the average rate of destruction of epinephrine was 1.02 
micrograms per minute. This was reduced to 0.60 microgram per minute when 
cocaine was added to the perfusion fluid. Therefore, there was an overall 
decrease of epinephrine destruction of about -10 %. The average pressoi i espouse 
to epinephrine was increased from 20 mm. in the contiols to 47 mm. when 
cocainized. These results therefore substantiate the theory that cocaine inter- 
feres with destruction of epinephrine by the tissues. 
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Effect of sympathetic nerve degeneration. The humoral transmission 
theory implies that the sympathetic nerve endings play little role in vasomotor 
reactions, except as sources of humoral agents in response to nerve stimulation. 
It therefore became of interest to determine whether degeneration of these 



Fig. I. Pressor Response* in a Perfused Cat’s Leo when Epinephrine alone or. 
EpiNEPitniNU and Cocaine together are Added to the Locke’s Perfusion 
Fluid 


TABLE 1 


Rale of epinephrine destruction and pressor effects in perfusion of cats’ isolated hind legs 
with Locke's solution containing epinephrine ami cocaine 


CONCCNTBAIIOS 

EPlKENiRINE DESTROYED 

IS MICROCRAMS PER MINUTE 




During per- 
fusion with 
epinephrine 

During perfu- 
sion mill epi- 
nephrine and 
cocaine 

Difference 

During per- 
fusion wiih 
epinephrine 

During perfu- 
sion Wilt, 
epinephrine 
and cocaine 

1:20 M 


0.28 



10 


1:20 M 

1:500 T 

0.33 

-0.34 

0 G7 

16 

29 

1:10 M 

1:500 T 
1:250 T 

0 63 

0.4G 

0 40 

0.17 

0.23 

10 

13 

17 

1:10 M 

1-500 T 

1 10 

2.04 

0 25 

65 

104 

It 10 M 

1:150 T 

0 04 

0 74 

0.20 

12 

25 

1:5 M 

1 : J50 T 

2.02 

1 33 

0 CO 

26 

9G 

Average 

1.022 

0 G05 

0 417 

26 4 

47.3 


M = millions; T = thousands. 


endings would modify the loponscs to the amines in a way which would be 
consistent with the pioposcd humoral mechanisms. 

The effects of sympathectomy, and of complete degeneration of the nerves, upon the 
pressor potencies of epinephrine mid four other sympathomimetic amines were determined 
J>y the same perfusion method, nitJi o\ blood as the perfusion fluid. This blood was dc- 
film na ted ami diluted with an e<{ua) volume of Locke's solution. It was kept iii a refriger- 
ator for at least it hours to destroy the vasotonin (1). Since it still possessed much of its 
original epinephrine content (2), the responses w Inch required the presence of this substance 
could be studied without addition of the hormone. The hind legs of the cats were aympa- 
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thectomizeil by excision, through a median abdominal incision, of the sympathetic chains 
on both sides from under the crurae of the diaphragm to below the brim of the pelvis, and 
avulsion of the nerve trunks from regions in which they could not be reached directly (7). 
The completeness of the sympathectomy was confirmed at subsequent necropsy. An aver- 
age period of 35 days was allowed for complete degeneration, no animals being used earlier 
than the fourteenth day after the preliminary operation. 

Since ox blood had not been used previously by us as a perfusion medium for 
cats’ legs, control determinations with it of the pressor ratios of cobefrine, 
neosynephrine, ephedrine, and tvramine against epinephrine as a standard were 
made, as described before (1), on 10 normal unsympathectomized cats. These 
values were in good agreement with those observed when the cat’s own blood 
was used for the perfusion. Then we redetermined the ratios in G sympathec- 
tomized preparations, using identical perfusion technic and ox blood as the per- 
fusion fluid. The average ratios and their standard errors are shown in table 2. 
The absolute pressor responses to epinephrine were approximately doubled by 
the sympathectomy, in accordance with usual experience. This sensitization to 
epinephrine is presumably the result of increased permeability of the smooth 

TABLE 2 


Effect of sympathetic degeneration upon the pressor ratios to epinephrine in perfusion of 
isolated hind legs of cats with defibrinated blood 



{ 

• 

COUETBINK 

1 NCO- 

J SYNEP1IKINE 

Epiitomr. 

TIBMUNC 

Control (not sympatliectomizcd) 

■ i! 

6.0± 

0.47 

} 8.2± 

| 1-4S 

17S± 

S 52.0 : 

1 

eo.3± 

16.7 

Sympnthectoznizcd 

{! 

6. Si 

i 

412± j 

190± 

1.73 

j 2.57 

116 

23.0 


muscle cell membrane, which permits epinephrine to diffuse more readily from 
innervated to non-innervated cells, and thereby to produce increased actions (G). 

However, the data in table 2 show that the pressor potencies of cobefrine and 
neosynephrine a ho were increased, and to the same degree, so that the ratios of 
activity to epinephrine were unchanged within the limits of expected variability. 
Thus cobefrine and neosynephrine were affected qualitatively and quantitatively 
like epinephrine, which lends support to our previous suggestion (1) that these 
amines act fundamentally like epinephrine, or “sympathin,” and differ mainly 
in requiring a higher dosage. Other evidence of their sympathicotropic action 
has been available for some time, such as the observations of Tainter and 
Stockton of sensitization by cocaine of neosynephrine (9) and tho.-e of Jang (10) 
of cobefrine by ephedrine. 

With ephedrine and tvramine, however, the absolute potency was practically 
unaltered by the sympathetic degeneration, and these compounds therefore had 
a decreased potency relative to epinephrine. These results proved that these 
latter two compounds did not act through the sympathetic nerve endings of 
blood vessels, since these had been removed by the process of degeneration. 
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The failure to demonstrate a sensitized response was further evidence of a funda- 
mental difference in their mechanism of action from epinephrine. 

Sensitized nictitating membrvxe. Since the cat’s nictitating membiane 
has been widely used for studies in this field, it was thought that observations 
on this pieparation would affoid comparison with another type of smooth muscle. 
Accordingly, the effects of the same amines were determined on the normal and 
denervated nictitating membrane of the cat. The superior cervical ganglion was 
removed on one side of each of C cats, and 12 to 35 days were allowed for de- 
geneiation. Each cat was then anesthetized, decerebrated, and its adrenals 



imal and Sensitized 
■ •* ATS WHEN VARIOUS 

:• _.;oi SLY 

The upper tracing is of the normal and the middle of the sensitized membranes; the 
lower one shows blood pressure. 

tied off, so the results would not be complicated by epinephrine secretion. The 
carotid artery was cannulated for recording blood pressure, and the two nictitat- 
ing membranes were connected to delicately balanced levers with exactly equal 
leverage and tension, so that the responses on the two sides and from animal to 
animal could be quantitatively compared. Injections of the drugs in appro- 
priate doses weie made through the femoral veins. A typical tracing is shown in 
figuic 2. About 50 injections of the various drugs were made into these 0 cats, 
and the rhe of the levers carefully compared on the sensitized and normal sides. 
The average results aie summarized in table 3. The absolute magnitude of 
the diffeienccs on the two sides was not reliable for all the drugs, since the doses 


224 


S. LAWRENCE, XI. C. MORTON' AND XI. L, TAIXTER 


of some, while producing a definite response on the sensitized side, were below 
the threshold on the normal side, and, hence, the full potential difference in 
response was not recorded. 

1 he observations revealed a phenomenon which has not been taken into ac- 
count by a few who have used this membrane as a test object for experimentation 
on mechanisms of sympathetic actions. That is, the increase in permeability 
produced by sympathetic degeneration in this membrane also permits musculo- 
tropic drugs, such as barium and post-pituitary extract, to penetrate into the 
cell more readily, or at least to produce enhanced responses. This sensitization 
is not altered significantly by complete atropinization, so that parasympathetic 
reactions probably are not involved. Therefore, unless it can be clearly shown 
by other evidence that a given drug is not a direct smooth muscle stimulant, 
increased responses in the sensitized nictitating membrane cannot be used as 

TABLE 3 


Comparison of the average contraction of caCs nictitating membranes on the sym patheclomized 
and normal sides in response to various pressor drugs 


1 

EPI- 

NLPU- 

sxse 

o.5~;o 

7/K 

1 

! COEEr- 

| use 
j 40-50 

1 

i SCO. ! 

’SHNEPU- 
i *1 SC 
j 30-60 
! 7/K i 

I i 

EPHED- 

j use . 

40-400 < 
7/K 

) 

r\zK- 

Ul\C 

1-500 

7 K 

J POST 
! mci- 

TAEY 

1 sou:- 

< Tlo.V 

0 2-0.3 
cc.’K 

i 

j BASIL H 
: CHLO- 
’ SIDE 

f 6*20 
‘ ucu/K 

t 

i 

!/«.• | 

! Hn. 

5 M**' ] 

ilm. \ 

Sim. 

1 ilm. 

; Um. 

Normal 1 

4.3 

[ 0.7 

j 2.0 j 

o.s 

0 0 

4.3 

1 3.0 

Sensitized (sympathectomizedl j 

12.3 ! 

4.0 

| 13.3 j 

0.2 1 

7 0 

9.7 

4.3 

Increase in constriction j 

1 

s.o ! 

3.3 

| 11.3 i 

571 j 

G 4 1 

5.4 

1.3 


* Mm. is the average millimeter rise of the lever from contraction of the nictitating 
membranes. 


proof of sympathicotropic action, since such might occur equally well with a 
purely muscular stimulant. 

This point is important for the correct interpretation of the total actions of 
ephedrine and tyramine, both of which increased the contraction of the sensitized 
nictitating membrane. Since both ephedrine and tyramine can increase the 
activity of atropinized intestine under appropriate conditions, these amines 
probably also possess some musculotropic actions in addition to their sympa- 
thetic effects. Therefore, quantitative experiments on the nictitating membrane 
with these drugs would be difficult to interpret, and the conclusions would not 
necessarily be transferrable to other organs. Therefore, our observations on 
this tissue were not extended. 

SUMMARY AND CONCLUSIONS 

1. When cocaine and epinephrine in Locke’s solution are perfu.-ed together 
under constant conditions through the vascular bed of the cat’s isolated hind 
leg, the pressor responses are increased, and the rates of destruction of epineph- 
rine bv the tissues are decreased, in comparison to those when the perfusion fluid 
contains epinephrine alone. 
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2. When the sympathetic nerves to the leg are allowed to degenerate and the 
perfusion carried on with diluted defibrinated ox blood, the absolute pressor 
potency of epinephrine, cobefrine, and neosynephrine is increased several fold, 
but in approximately the same ratio; hence, their i dative activity is unaltered, 
as compared with parallel ox blood perfusions of unsympathectomized legs. 
However, perfusion with ephedrine and tyramine reveals that these amines are 
substantially unaltered in their absolute vasoconstrictor potency, either by the 
absence of the sympathetic endings or by the state of sensitization, and therefore, 
these latter amines act independently of the sympathetic endings in the blood 
vessels. 

3. The cat’s nictitating membrane is unsuited for this type of study requiring 
sympathetic degeneration, since this process, in this tissue at least, causes 
simultaneous sensitization to musculotropic drugs, such as post-pituitary solu- 
tion and barium chloride, as well as to the sympathetic agents. 

4. These various results are compatible with, and lend further support to, 
current theories of humoral transmission of sympathetic nerve impulses to blood 
vessels. According to these concepts, ephedrine and tyramine, and now' cocaine, 
partially block the ferment within the smooth muscle cell which inactivates the 
epinephrine being taken into the cell continuously from the blood stream, or the 
sympathin being derived intermittently from the local sympathetic nerve end- 
ings. The resulting local increase in the epinephrine or sympathin concentration 
gives rise to the characteristic pressor response. It is suggested here that 
previous cocainization prevents the pressor actions of ephedrine and tyramine 
by blocking the ferment through which they normally act, and by the same 
means sensitizes the responses to sympathetic nerve stimulation and injection 
of epinephrine. Degeneration of the sympathetic nerves renders the smooth 
muscle cells more permeable, so that epinephrine penetrates more quickly, 
thereby building up a higher concentration within the cells, causing an increased 
response. Cobefrine and neosynephrine act similarly although they require 
higher doses. The increased permeability from sympathetic degeneration does 
not sensitize the responses of blood vessels to ephedrine and tyramine, indicating 
again a difference in their mechanism of action from sympathicotropic agents. 
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In a preliminary study of distribution of bromine in eats treated with various 
narcotics containing bromine (1), large differences between tribromoethanol 
(avertin) and tribromoaeetaldehyde (bromal) were noted. The present report 
amplifies observations of these differences and extends the study to include 
tribromoacetic acid. A more complete picture of the relations between these 
compounds could be obtained if distribution of bromoform were also estimated, 
but the method of assay used yields recoveries of only some 35% of bromoform 
while over 95% of the other three agents are recovered. In view of the current 
interest in halogenated fatty acids (2, 3), however, a report on distribution of 
tribromoacetic acid is justified. 

It was suggested previously (1) that distribution studies may be of value in 
predicting possible pathologic side-effects of new agents, since good correlation 
was obtained between relative tissue affinities and the reported pathologic side- 
effects of the older agents studied. This information may be of more immediate 
value than extensive studies of pathologic effects on normal animals, for many 
of the serious clinical side-effects of new agents occur rarely and then perhaps 
only in patients with disease of an organ having high affinity for the agent. 

Inasmuch as apparent tissue affinities may be misleading when overwhelming 
doses of agents are given, it is desirable to use amounts comparable to those used 
clinically. The sensitive and accurate test for tissue bromine devised by Brodie 
and Friedman (4) has made possible the estimation of distribution after small 
doses of agents containing bromine have been given. 

Methods. Fifteen young, healthy adult cats were treated intramuscularly with the 
three agents, and 7 more were used as untreated controls. Doses were equivalent in bro- 
mine content to 0.2 gm./kg. for all agents. Dissections were made 00 minutes after injec- 
tion and the order of removal of organs was the same as in previous work (1). Diet and 
other care of the cats were unchanged and other necessary precautions were observed as 
before. Groups of eats were approximately evenly divided as to sex. 

Of the 15 treated cats, 5 were given avertin, 4 were given bromal and 0 received tribro- 
moacetic acid. Avertin was used as the commercial solution of tribromoethanol in amylcne 
hydrate. Bromal was obtained from the Eastman Kodak Co. Tribromoacetic acid was 
prepared from bromal and was neutralized immediately before use with XalK'Oj. One cat 
in each of the groups treated with bromal and tribromoacetate received the agent in solu- 
tion with an amount of amvlene hydrate equivalent to that contained in an avertin solution 
of the same molar concentration. The volume of injected fluid was made in each ease to 20 
cc. with physiologic saline prepared from reagent XaCl containing less than 11 7 of Br and 
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I together in the amount used. None of the solutions was warmed to more than 40° in 
preparation and all were injected at 38° into the thigh muscles. 

The assay method of Brodie and Friedman (4) was used for estimating the bromine con- 
tent of tissues, with the minor modifications developed by Abrcu (5). Some 3000 determina- 
tions have now been made with this method in this and previous studies. 

Results. In cats treated identically with the same agent, amounts of 
bromine found in blood or tissues of individual animals often differ by 20 % from 
the appropriate mean values. There is, however, little variation in the relative 
distribution of “exogenous” bromine in the tissues, among cats after ticatment 
with the same agent. That is, if increments in the bromine content of tissues 
are expressed in percent of the increase in bromine content of the blood in each 
instance, results are consistent within each group of treated cats. It may be 
concluded that amounts absorbed vary fiom individual to individual with any 
one agent but that the relative distribution of these amounts to the various' 
tissues is fairly constant. It may also follow that the undetermined factors 
governing absorption from the site of injection do not necessarily affect the 
characteristic affinities of different tissues or the manner of removal of the agent 
from the circulation by the tissues. 

Results are therefore expressed in figure 1 as the mean percent of exogenous 
bromine in tissues in terms of the exogenous bromine content of blood, which in 
each instance is arbitrarily given the reference value of 100%. The mean result 
for each type of tissue is obtained by correcting the individual total bromine 
concentration by the appropriate mean concentration found for the correspond- 
ing tissue of 7 untreated cats, calculating this corrected value as percent of the 
corrected value for blood of the individual treated cat, then averaging these 
percent values for the same tissue in all cats treated with the same agent. These 
calculations are based on results of analyses expressed as 7 /gm. of tissue, and 
“total bromine concentration” signifies the sum of “exogenous” and “intrinsic” 
bromine concentrations, not the absolute amount of bromine in an entire organ. 

Total concentrations of bromine in tissues of cats treated with avertin or 
bromal, and of untreated cats, have been presented previously ( 1 ) for individual 
animals. With tribromoacctate, the degree of variation of total bromine 
concentrations of tissues is comparable to that found with the former two agents 
and consequently these detailed results are not given here. 

Figure 1 presents graphed data concerned with the distribution of exogenous 
bromine in tissues after treatment. Each bar represents the mean value found 
for a tissue, in terms of percent of the exogenous bromine concentration of the 
blood. From left to right, the bars represent mean concentrations for blood 
(100%), plasma, 5 parts of the central nervous system, 5 glands, 7 muscles, bile, 
urine, spleen, skin, lung, and red marrow from the femur. 

The mean exogenous bromine content of blood after treatment may be 
interpreted as a rough index of absorption. Increases in bromine content of 
blood above the mean control level of 20 7 /gm. were: for avertin, 154; for 
bromal, 107; and for tribromoacctate, 362 7 /gm. That is, the mean exogenous 
bromine concentration of the blood was about 8 % greater in cats treated with 



228 


G. A. EMERSON AND JAMES L. MORRISON 


bromal and about 135% greater in eats treated with tribromoacetate than i 
cats treated with avertin. It is apparent that distribution of these agents i 

7W3ROMOETHANOL WITH AMYICNO MYPflATB 



Fig. 1. Distribution of Exogenous Bromine in Tissues ok Cats 1 heated with 
Avertin’, Bromal and Tribromoacetate 

Bars represent mean concentrations in tissues, expressed as percent of mean concentra- 
tion in blood. Sec text. . ii. 

From left to right, bars represent values for blood (100%), plasma, cerebral cortex, 


testes, 

bile, 


cerebellum, basal ganglia, medulla, cervical cord, liver, kidney, adrenal, pancreas, tc 
abdominal muscle, myocardium, jejunum, bladder, stomach, uterus, seminal vesicles, 

urine, spleen, skin, lung, and red marrow from the femur. . 

Insets (graphs with small bars) represent values for tissues in the same order, ol cats 
treated with amylcne hydrate in addition to bromal or tribromoacetate. 1 issues onutteu 
are noted as “O”. 


tissues is related to the nature of the compounds and is not an artifact dependent 
upon amounts absorbed, even though no truly quantitative mcausre of absorp- 
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tion. may be implied from the blood concentrations because of the wide differences 
in affinities of tissues for the different agents. 

Addition of amylene hydrate to solutions of bromal or tribromoacetate does 
not influence distribution of these substances, as illustrated in the small graphs 
inset in Figure 1. The presence of amylene hydrate in the solution of avertin 
presumably is not responsible for the differences in distribution of bromine 
after treatment with this agent from that in cats treated with bromal or tri- 
bromoacetate. Although bromine content of blood was less in both cats treated 
with added amylene hydrate than in the corresponding series of cats treated 
without amylene hydrate, it cannot be concluded that amylene hydrate signifi- 
cantly hinders absorption. Increments in bromine content of the blood were 
143 7 /gm. in the cat treated with bromal + amylene hydrate and 2S0 7 /gm. 
in the cat treated with tribromoacetate + amylene hydrate. Neither of these 
concentrations varies from the corresponding mean concentrations by three 
times the standard deviations of these means. 

Discussion. The present method of assay permits only the estimation of 
total bromine concentration in tissues. There is thus no direct evidence that 
the data here reported represent the true distribution of the compounds given, in 
unchanged form. However, four considerations support the view that these 
data may be so interpreted. The distribution of bromine after treatment with 
avertin is markedly different from the distribution of NaBr previously reported 
(1) and there are also significant differences between the distribution of NaBr 
and of bromine after treatment with bromal or tribromoacetate. The agents 
used are not highly unstable in vitro under conditions approaching those in 
tissues, although a small amount of decomposition occurs in basic solutions 
maintained at 40° for 60 minutes or more. Even if appreciable degradation does 
occur within tissues, distribution of the resultant bromide or other decomposition 
products -will be determined in part by the primary distribution of the agents 
before hydrolysis or oxidation occurs. Finally, the compounds exhibit their 
characteristic physiologic effects, which differ from those of inorganic bromides, 
throughout the experimental period. Hence, it is felt that the data signify at 
least a close approximation of the true distribution, and that any decomposition 
is sufficiently slight to be neglected. For brevity, the following discussion 
assumes that this is so, but it is based solely on estimates of total bromine 
present in tissues after treatment. 

Avertin is distributed in all tissues except striated muscle, skin, uterus and 
bladder in concentrations greater than that in the blood. Significantly larger 
concentrations occur in brain, glands, bile, heart, lungs and marrow than in 
blood. Contrariwise, bromal and tribromoacetate are distributed in smaller 
concentrations in all tissues than in blood, except for similar concentrations in 
lungs and testes of cats treated with bromal. The distribution of the latter two 
agents roughly resembles that of inorganic bromide. 

With the doses employed, cats treated with avertin or bromal are narcotized, 
but several tissues in these treated animals have a higher content of exogenous 
bromine than does the brain. Tribromoacetic acid is not narcotic in the dose 
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given and all tissues show a greater affinity for this substance than does the 
brain. 

All of the agents are excreted in the urine and bile to some extent. A higher 
content appears in bile than in urine. Much larger amounts of exogenous 
bromine are excreted in cats treated with avertin than in cats treated with 
tribromoacetate and relatively little is excreted by cats receiving bromal. 
Biliary secretion of bromal and tribromoacetate is not promoted by simultaneous 
administration of amylene hydrate. Quantitative comparison of rates of 
excretion may not be made from the data available since samples for assay were 
necessarily diluted by pre-formed urine or bile present in the respective reservoirs 
prior to injection of the agents. 

Further study of analogous series of compounds must be made before various 
generalizations concerning the relation of chemical structure and physical 
properties to partition of the agents between blood and plasma, to distribution 
in other tissues, and to apparent differences in rates of absorption, which are 
strongly suggested by the present data, can be seriously considered. This and 
previous work (1) show, however, that high affinities of the central nervous 
system toward different agents containing bromine have so far been found only 
for those lipolytic narcotics which have proven clinically useful, although with 
the majority of these, tissues other than the brain have even higher affinities. 
In relation to the present findings, it may be noted that bromal is not considered 
to be a useful narcotic agent in higher animals. 

SUMMARY 

j Distribution of exogenous bromine in tissues of cats is described after treat- 
ment of these animals with tribromoethanol, tribromoacetaldehyde and tri- 
bromoacetic acid. Avertin is distributed in most tissues in greater concentration 
than in blood, while the reverse holds for the latter two agents. The central 
nervous system has a high affinity for avertin but not for bromal and tribromo- 
acetic acid. Several tissues other than brain exhibit higher affinities for each 
of the agents than does the brain. Absorption of any one agent is variable but 
the relative distribution of absorbed amounts is constant. 
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A series of JV 4 -dicarboxylic acid-substituted sulfonamides has been synthesized 
by Moore and Miller (1). One of this series, 2-(iY 4 -succinyl-sulfanilamido)- 
thiazole, or succinyl sulfathiazole, was reported by Poth and Knotts (2) to exert a 
marked bacteriostatic action on the coliform organisms of the intestinal tract of 
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dogs. These workers encountered no toxic manifestations when the drug was 
administered orally every 4 hours, in doses up to 1 gram per kgm. per day, for 
a period of five weeks. During the experimental period, the dogs gained weight 
and no evidence was found of either gross or microscopic tissue damage. The 
striking action of the drug on the intestinal flora was evidenced by the reduction 
in the coliform count of the feces from an average normal of 10,000,000 per gram 
to less than 100 per gram. Semi-fluidity and loss of odor were manifestations of 
the profound alteration in the character of the feces. From the low blood con- 
centration (average: 1.5 mgm. % free drug (as sulfathiazole) and 2.0 mgm. % 
combined drug (as succinyl sulfathiazole)) and the small amount excreted in the 
urine (approximately 5% of the ingested drug) it is evident that the compound is 
absorbed to a very limited extent from the gastro-intestinal tract of dogs. 

In the preliminary report of Poth and Knotts, mention was made of the use of 
the drug in a series of 40 human subjects. A more extensive use of succinyl 
sulfathiazole in a larger series of human patients has been described in subsequent 
communications (3, 4). Encouraging results have been obtained in the prepara- 
tion of the bowel for surgery, and preliminary results of interest in bacillary 
dysentery are reported. 

A series of experiments is described in this communication in which succinyl 
sulfathiazole was administered orally to mice, rats and monkeys in order to 

1 Sharp and Dohme has applied its trade-mark ‘Sulfasuxidine’ to this new sulfonamide. 
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obtain more complete data on the acute and chronic aspects of the toxicity of 
the drug. Experiments are also described in which the drug was used under the 
most severe conditions, lacking any resemblance to its probable therapeutic use. 
It was found that the drug can -be given in doses which are relatively large in 
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Succinyl Sulfathiazole 


comparison with those of the well-known sulfonamides, without producing indi- 
cations of toxic manifestations. In fact, in order to obtain any toxic or lethal 
effect, it was found necessary to administer succinyl sulfathiazole by routes other 
than oral, and in doses many times larger than those likely to be required in 
therapeutic use. 2 

•• Experimental. Acute toxicity. Oral. We have been unable to kill mice 
XCarworth CFO with succinyl sulfathiazole by oral administration. Single 
doses as high as 26 grams per kgm. have been given orally, in the form of a 33% 
suspension in 0.5% tragacanth; the resultant mean blood concentration (5 mice), 
two hours after intubation, was 2.1 mgm. % free drug (sulfathiazole) and 3.2 
mgm. % combined drug (as succinyl sulfathiazole). 3 Doses of 40 grams of the 


2 Succinyl sulfathiazole occurs as a white, practically odorless and tasteless crystalline 
powder, which is soluble in water at 37°C. to the extent of about 70 mgm. per 100 cc.; it 
melts with decomposition at 192-195°C. The drug is a strong acid and dissolves in an 
aqueous solution of sodium bicarbonate with effervescence to form the soluble sodium salt. 
Sodium succinyl sulfathiazole is very soluble in water; a 50 per cent, neutral, aqueous solu- 
tion is stable at 10°C, for 10 to 14 days. 

3 Application of the usual method (5, 6) for the determination of the so-called "free” 
component of total sulfonamide derivatives in blood, urine, etc., gives a measure of the 
concentration of sulfathiazole which, to a limited extent, is split off from succinyl sulfa- 
thiazole by the tissues. 

Determination of the concentration of the ‘‘total” sulfonamides, in this case ‘‘free” 
sulfathiazole, plus unhydrolyzed succinyl sulfathiazole, plus any other derivatives in which 
substitution of the para-amino group has occurred (e.g., acetylsulfathiazole), requires 
special treatment. The blood filtrate, or other material, must be heated for about two 
hours at 100°C. in the presence of approximately 1.5 normal sodium hydroxide (5 parts of 
filtrate plus 1 part of 40% sodium hydroxide) in order to insure complete liberation of the 
sulfathiazole component. With the aid of phenolphthalein the excess of alkali is neu- 
tralized with hydrochloric acid (4iV); and excess of acid is added to give a concentration, 
after the final volume adjustment, of 0.2 normal. Diazotization and color formation are 
then carried out in the usual manner. 

Since these experiments were carried out a simpler "acid” method for the determi- 
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drug per kgm. have been given in the form of a 50% suspension in 15% acacia; 
the mean blood concentration produced (5 mice) was 2.6 mgm. % sulfathiazole, 
and 4.2 mgm. % succinyl sulfathiazole. Following such dosage mice show no 
abnormalities in appearance or activity other than those seen in controls which 
are intubated with the same volume of the suspending medium. 

Intraperiloneal administration of succinyl sulfathiazole was accomplished by 
the olive oil suspension method which Marshall cl al. (7) used in the determina- 
tion of the toxicity of sulfaguanidine for mice. Succinyl sulfathiazole failed to 
kill mice (Carworth CFj) when given intraperitoneally in doses as large as 3.5 
grams per kgm. suspended in 0.5 cc. of olive oil; the LDw was found to be ap- 
proximately 5.7 grams per kgm. The results of experiments in which this 
method was used are shown in tabic 1. Using sulfaguanidine, Marshall et al. 
(7) found 0.5 gram per kgm. to kill 11 of 15 mice; the mean blood concentration 

TABLE 1 


Intraperiloneal toxicity in mice of succinyl sulfathiazole suspended in olive oil 


DOSE IN 

NUMBER 

DEAD/TOTAL 

MORTALITY 

PERCENTAGES 

APPROXIMATE TIME 
Op DEATH 

IN HOURS 

MEAN SLOOD CONCENTRATION 

2 HOURS POLLOIVING INJECTION 

Free* 

| Combined* 

troms/ttm. 




mint, ft* 100 cc 1 

mim pit 100 cc. 

3.5 

0/30 

0 


0 1 | 

185 

4 S 

4/15 

27 

5.0 

6.1 

161 

5.5 

12/30 

40 

5.0 

S.2 

263 

G.O 

16/25 

64 

3.5 

7.3 

232 

7 0 

27/30 

90 

3.5 

10.0 

289 

8 0 

15/15 

100 

3 5 

11.4 

378 


• See footnote.* 


found at death following this dosage was 16.3 mgra. % “free” and 36.1 mgm. 
% “total.” 

The sodium salt of succinyl sulfathiazole in aqueous solution was injected 
intraperitoneally in Swiss mice. The toxicity of the drug in this form appeared 
to be somewhat less than that of the free acid in oil suspension, but a lethal effect 
was produced much more rapidly (30-60 minutes). The LDw of the aqueous 
solution of the sodium salt was approximately 7.5 grams per kgm.; the mean 
blood concentrations produced by the LD 10 dose, 7.0 grams per kgm., 30 minutes 


nation of "total" sulfanamides has been developed. To the filtrate sufficient hydrochloric 
acid is added to make the concentration about IN; after heating at 100°C. for two hours, 
and volume readjustment, diazotization may be carried out without neutralization of 
the excess acid. 

The amount of so-called “combined’’ drug is obtained by calculation from the “total" 
and “free” values In this communication the values for “total” and “combined” forms of 
the drug are expressed as succinyl sulfathiazole. The concentration of “free" drug in the 
blood is usually low; as a result the amount of “combined” drug which occurs as acctyl- 
sulfathiazole would also be low . A close approximation to the true situation in the blood 
probably results from the consideration of all “combined” drug as succinyl sulfathiazole. 
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after injection, were: suifathiazole, 9.7 mgm. % and succinyl sulfathiazole, 775. 
mgm. %- 4 

Chronic toxicity. Rats. A group of 10 animals (Sunny Hill strain) was given 
free access to a powdered commercial diet containing 5 per cent succinyl sul- 
fathiazole; a control group of 10 received the basal diet ad libitum. The changes 
in weight during a period of 33 days are shown as follows: 



ORIGINAL WEIGHT 

INCREASE IN WEIGHT 

1 

Control group 1 

crams 

113 ± 12.5 

115 ±13.0 J 

Crams 

98 ± 19.0 

106 ± 11.5 

Succinyl sulfathiazole group j 



The average blood levels produced by feeding succinyl sulfathiazole to rats under 
these and other dietary conditions are shown in table 2. 


TABLE 2 


Concentration of sulfonamides in the blood of rats receiving succinyl sulfathiazole as a dietary 

constituent 


DIET 

PER CENT SUCCINYL 
SULFATHIAZOLE IN DIET 

HE AN BLOOD CONCENTRATION 

Free* j 

Combined t 



mgm. per cent ± S.D. 

mgm. per cent ± S.D. 

S-l* 

l 

1.3 ± 0.2 

4.6 ± 1.1 

S-l 

5 

2.4 ± 0.2 

14.0 ±7.2 

Chowf 

5 

1.4 ± 0.1 

4.6 ± 2.0 


* Diet 3-1 consists of casein, 18; sucrose, 76; salts (U.S.P. #2), 4; com oil, 2; choline 
chloride, 0.2; thiamine hydrochloride, pyridoxine hydrochloride and riboflavin, of each, 
0.003; calcium pantothenate, 0.002; and nicotinic acid, 0.0025. 

t Chow — a commercial pulverized ration (Wayne). 

J See footnote. 1 

During the experiment there was no evidence of toxicity. Histological ex- 
amination was made of specimens of liver, kidney, spleen, bone-marrow, pyloric 
portion of the stomach, duodenum, ileum and scatic nerve obtained from both 
control and experimental animals. No abnormalities were found. 

Recently Mackenzie el ol. (8) described an interesting pathological change in 
the thyroid glands of rats fed 1 or 2 % sulfaguanidine for a period of 4 weeks. 

* The results obtained following injection of the aqueous solution of sodium succinyl 
sulfathiazole should not be compared too closely with those obtained following injection 
of succinyl sulfathiazole suspended in olive oil, for the following reasons: (1) a different 
strain of mice was used; (2) when a lethal effect was produced by the aqueous solution, 
about 30-60 minute 3 were required, therefore blood samples were taken at 30 minutes rather 
than at 2 hours; (3) dosage with oil suspensions is less accurate because of the difficulty m 
obtaining an exact weight-volume relationship. It is believed that no great significance 
is to be attached to the apparent difference between the toxicity of the drug suspende m 
oil and that of the sodium salt in aqueous solution. 
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On the 2% sulfaguanidine diet the thyroid glands were byperemic and 3 to 4 
times larger than the glands of the control animals. Rats fed a diet containing 
5% succinyl sulfathiazole for a period of 43 days disclosed no hyperemia or 
hypertrophy of the thyroid; the glands of the experimental rats were indis- 
tinguishable from those of the controls. 

Monkeys. Technique of Experiment. Nice monkeya (Macaco mulatto ) were stomach- tubed 
at t hour intervals, day and night, for a period of 30 days. Six of these animals were giveu 
succinyl sulfathiazole in the form of a neutral solution of the sodium salt:* two received 
0.5 gram per kgm ; two, 1.5 grams per kgm.; and two, 5.0 grams per kgm. The volume of 
each injection wa3 15 cc.; the three control animals were given concurrent intubations with 
water. In addition each of the nine animals was given 3 cc. of a yeast concentiate* once 
daily. Twice daily the monkeya were given a varied diet consisting of fresh fruits and vege- 
tables, whole wheat bread, and raw peanuts. 

At the beginning of the experiment and during its course, determinations were made of 
the erythrocyte count, total and differential leucocyte counts, and the concentration of 
hemoglobin and of plasma proteins. 7 Blood concentrations of the drug, both ficc and com- 
bined, were determined at frequent intervals. The concentration of drug in the urine was 
determined as frequently as urine specimens, uncontaminated with feces, could be obtained 
without catheterization. 8 

With the aid of sterile instruments a sample of feces was taken from the rectum of each 
monkey at frequent intervale. These samples were examined bacteriologically by Dr. W. 
F. Verwey, who baa kindly permitted us to include his results in this paper. 

Throughout the experiment appetite was consistently good, and e\idence of 
depression, nausea, or other abnormality was not seen at any time. Regurgita- 
tion, although infrequent, was always associated with the stimulation incident 
to the withdrawal of the stomach tube. Diarrhea was seen only once during the 
experiment. On the twelfth day one of the monkeys on the 5 grams per kgm. 
per day dosage had a fluid stool, slightly tinged with blood. This condition was 
almost ceitainly due to injury resulting from manipulation during the collection 
of a stool specimen on the preceding day, since recovery occurred within 24 hours 
and no further diarrhea or bloody stool was seen in this animal. In all other 
animals the stools were essentially normal in appearance, possibly somewhat 

* The solution of sodium succinyl sulfathiazole was prepared from the desired amount of 
the drug by the addition of water and sodium hydroxide (sodium bicarbonate may also 
be used) until the required volume and pH were attained. The sodium salt of succinyl 
sulfathiazole has a markedly different chemical structure from that of the sodium salts of 
the usual heterocyclic sulfonamides, since in sodium succinyl sulfathiazole it is the succinyl 
portion of the molecule which is involved in salt formation. 

8 The approximate analysis of the yeast concentrate (3 cc ) is as follows: thiamin hydro- 
chloride, 1 Smgm.; riboflavin, 0.6 mgm.; nicotinic acid,0 7 mgm.; pyridoxine hydrochloride, 
0.3 mgm.; pantothenic acid, 1.3 mgm. 

7 Plasma protein was determined by the method described by Barbour and Hamilton 
(9) * 

* The contamination of the skin and fur of the monkeys, as well as of the cages, with 
fcccs containing large amounts of sulfonamides, rendered the collection of “pure" samples 
of urine \ery difficult. The tendency of monkeys to urinate during the excitement of being 
caught offered a further obstacle to the successful collection of urine samples. Frequent 
catheterization is undesirable and difficult, particularly in the male, which sex included 
all but one of the experimental animals. 
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softer and lighter in color than were those of the control monkeys. The condi- 
tion of the monkeys in such toxicity studies can be gauged roughly by the energy 
with which they resist being caught, held and intubated; all nine animals were 
as vigorous during and at the end of the experiment as they were at its inception. 
All monkeys showed an increase in weight at the end of the experiment; the con- 
trols gained 0.2, 0.5 and 0.7 kgm. respectively, while the gain in weight of the 
experimental animals varied from 0.5 to 0.7 kgm. 

In figure 1 are shown the results of several determinations of the erythrocyte 
count, the concentration of hemoglobin and of plasma protein. It will be seen 
that throughout the period of administration of sodium succinyl sulfathiazole 
the results of the determinations of hemoglobin concentration and erythrocyte 
count fell within the normal limits of variation. The plasma protein levels ap- 
pear to be somewhat lower than normal on the last day of the experiment, but 
it is unlikely that such lowering is significant since the value for one of the con- ' 
trols is as low as that of any experimental animal. The mean value of 45 
determinations on 24 normal monkeys was 8.2 grams of protein per 100 cc. of 
plasma, with a standard deviation of 0.8 grams and maximum and minimum 
values of 10.27 and 5.58 grams. 

In table 3 are presented the results of determinations of the concentrations of 
free and combined drug in the blood of monkeys receiving sodium succinyl sul- 
fathiazole orally. Blood samples (0.05 cc.) were taken from the ear 4 hours 
following dosage; however, when the interval was reduced to 2 hours higher 
blood levels were not obtained. 

From the low blood concentrations found it is clear that this drug is either 
absorbed very poorly from the gastro-intestinal tract or removed very rapidly 
from the blood following absorption. All available data indicate that both 
factors operate in maintaining the concentration of sulfonamides in the blood at 
a low level when succinyl sulfathiazole is administered. Consideration of the 
sulfonamide content of blood and urine obtained from the monkeys on the present 
experiment clearly indicates that absorption of succinyl sulfathiazole is very 
limited in this species. Experiments will be described subsequently in which it 
is shown that parenterally injected sodium succinyl sulfathiazole is very rapidly 
excreted by the kidney. 

Comment has been made previously concerning the difficulty of obtaining 
urine entirely free from fecal (and therefore from drug) contamination. The 
contamination of metabolism cages with feces containing the drug precluded the 
possibility of collecting 24 hour urine specimens in which the sulfonamides were 
derived solely from the kidneys. Recourse was made, therefore, to calculations 
based on the analyses of those wholly uncontaminated specimens of urine which 
were obtained and on the determinations of the maximum volume of urine 
excreted during 24 hour periods. 

The average concentration of drug in the urine of the animals on the highest 
dosage of succinyl sulfathiazole (5 grams per kgm. per day) was 15.4 mgm. % 
sulfathiazole and 46.1 mgm. % succinyl sulfathiazole. The maximum concen- 
tration found in the urine at any time was 24.1 mgm. % sulfathiazole and 75.6 
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Fio. 1. Observations Made on the Blood or Monkeys during the Oral 
Administration of Sodium Succinyl Sulfathiazole 


apparent!)' excreted %vas 600 cc. From the maximum figures given above it 
may be estimated that the ynaximum sulfonamide output per day did not exceed 
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145 mgm. of sulfathiazole and 455 mgm. of suceinyl sulfathiazole, together equiv- 
alent to about 660 mgm. of the ingested drug. The heavier of the two animnk 
on the highest dosage received 19.6 grams of suceinyl sulfathiazole per day; 
therefore, the maximum amount of drug which appeared in the urine did not 
exceed 4% of the total ingested dose in these monkeys. 

At the completion of the experiment the drug-treated animals and two of the 
three controls were sacrificed and subjected to autopsy. No demonstrable gross 
lesions were found in any of the monkeys. Sections of lung, heart, stomach, 
intestinal tract, pancreas, spleen, liver, kidney, adrenal, ureter, urinary bladder, 
gall bladder, lymph node and bone-marrow were taken for microscopic study. 
Histological examination of these tissues revealed no abnormalities, with the 
exception of certain greenish-brown pigment deposits in the lung. These de- 
posits were seen in the controls as well as in the treated animals, and no signifi- 
cance can be attached to their presence. Microscopic examination of the 

TABLE 3 


Concentration of sulfonamides (in mgm. per 100 cc.) in the blood of monkeys following the oral 
administration of suceinyl sulfathiazole as the sodium salt 



5.0 CRAMS PER KCM. 

1.5 CRAMS PER KGM. 

0.5 CRAMS PER EGM. 

DAYS 

Monkey A 

Monkey B 

Monkey A 

Monkey B 

Monkey A 

| Monkey B 


Free* 

Comb.* 

Free 

Comb. 



Free 

Comb. 

Free 

Comb. 

Free 

Comb. 

l 

1.0 


0.8 

4.2 

0.8 

1.8 

1.0 

1.9 

0.5 

1.7 

0.8 

1.8 

o 

o.s 


O.S 

3.9 

0.5 

2.8 

0.8 

2.4 

0.5 

2.4 

0.5 

2.4 

6 

0.4 

3.1 

0.3 

3.3 

0.4 

mum 

0.4 

3.2 

0.5 

3.2 

0.3 

2.4 

9 

0.8 

4.0 

0.5 

3.2 

0.5 

2.9 

0.5 

2.6 

0.2 

2.4 

0.2 

1.8 

16 

0.7 

2.G 

0.5 

2.0 

1.1 

3.5 

0.8 

2.4 

0.4 

0.4 

0.9 

2.9 

23 

0.8 

3.1 

0.6 

2.8 

0.5 

2.1 

0.5 

5.3 

0.1 

2.2 

0.2 

2.5 

30 

1.3 

2.2 

1.0 

1.8 

0.6 

1.3 

0.4 

0.6 

0.3 

i.i 

0.2 

1.3 

31t 

0.2 

1.0 

0.1 

1.0 

0.2 

0.8 

0.3 

1.3 

1.3 

1.4 

0.4 

1.1 


* See footnote. 3 

t Approximately 18 hours following last dosage. 


sediment from urine specimens taken from the bladder at autopsy also showed no 
abnormal constituents. 

Bacteriological studies of fecal specimens from monkeys on chronic 
toxicity test. Prior to the administration of suceinyl sulfathiazole several 
fecal samples were taken from all animals. These, and specimens taken from the 
three controls during the experiment (a total of 65 samples), were studied bac- 
teriologically as a basis for comparison of the results following the use of suceinyl 
sulfathiazole. Identification procedures indicated that the predominating 
organisms, under the dietary conditions of the experiment, were not coliform 
bacteria, but lactobaeilli, streptococci and anaerobic bacilli. 9 The average 

3 Bacterial counts were made on aerobic and anaerobic blood agar plates and by the 
highest dilution of fecal solids producing growth in horse meat infusion broth and Brewer s 
thioglycollate medium. The coliform content of fecal specimens was determined by counts 
of desoxycholate agar pour-plates. All media contained para-aminobenzoic acid (5 mgm. 

%)• 
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coliform count was only 100,000, while total counts ranged from 100 million to 
10 billion. 10 No effect on the total bacterial count of the feces was exerted by 
the drug at any time. 11 

Poth and Knotts (2) found succinyl suifathiazole to exert a marked effect on 
the fecal coliform count of dogs on a meat diet; with dosages of 1 gram or less per 
kgm., coliform counts of 10 million were reduced to 100 or less. In monkeys, 
reduction of the coliform count to 100 or less was produced by the drug, although 
with less rapidity and consistency, and only with higher dosage than is required 
in the dog (and apparently in the human being (2, 3, 4)). Two monkeys, receiv- 
ing 0.5 gram of succinyl suifathiazole per kgm. per day in six divided doses, had 
coliform counts of 100 after 4 and 9 days respectively, but the reduction was not 
constant; subsequently, counts as high as 10,000 alternated with low counts. 
With higher dosages the results were more definite and more consistent. The 
coliform counts of two animals on 1.5 grams per kgm. daily were depressed to 
100 in 4 and 6 days, respectively. Of all coliform counts made from the onset 
to the conclusion of this dosage, 57 per cent were 100 or less. On 5.0 grams per 
kgm., 70 per cent of all fecal specimens had coliform counts of 100 or less; this 
reduction occurred after 2 and 3 days, respectively. 

Parenteral administration of sodium succinyl sulfathiazole in 

UNILATERALLY NEPHRECTOMIZED MONKEYS. 

Technique of experiment . The evidence so far presented indicates that succinyl sulfa- 
thiazole is poorly absorbed from the gastrointestinal tract of mice, rats and monkeys. 
In the event, however, that extensive absorption might occur, under conditions at present 
unpredictable, determinations were made of the effect of high blood concentrations. Paren- 
teral injections were made in monkeys (Macaco mulatto) from each of which one kidney had 
been removed in order to restrict the ability of the animals to excrete the drug. 

Under anesthesia produced by the intravenous injection of a thiobarbiturate, one kidney 
and a section of the liver w ere removed from each of six animals. These tissues served for 
the histological study of the pre-treatment state of the kidney and liver. Two to three 
weeks later, when the animals appeared to be in excellent condition, parenteral injections 
of succinyl sulfathiazole were begun. These were given daily for a period of 10 days, in a 
dosage of one gram per kgm. in the form of a 25 per cent solution of the sodium salt of the 
drug. One animal was given intraperitoneal injections; two were given the drug intra- 
venously (1 cc- per minute); a fourth was injected subcutaneously, in four different sites, 
with equal portions of the daily dosage, a fifth received similar injections intramuscularly, 
while the sixth animal served as an operated control. 


10 All counts referred to are based on dilutions of one cc. (or one gram) of fecal solids. 

11 It would be exceedingly difficult to detect a change in the total bacterial count of the 

fecc3 when organisms susceptible to the drug constitute a relatively small proportion of the 
total bacterial flora of the intestine. Thia does not imply that E. coli is the only organism 
which is affected by succinyl sulfathiazole. In this study, as well as in that of Poth and 
Knotts (2), attention was given to those normal inhabitants of the intestine which will 
grow on a desoxycholate medium. Preliminary results obtained by Poth (private com- 
munication) are indicative of the marked effectiveness of the drug in the therapy of bacil- 
lary dysentery. Poth and Knotts (4) state, "The Shiga, Flexner and Sonne strains of tho 
dysentery bacillus are especially susceptible to the antibacterial action of this compound. 
The drug has no apparent effect on the growth of the typhoid and paratyphoid organisms, • 
alpha Streptococcus faecalis or Bacillus proteus. Bacillus aerobacter aerogenes is 
resistant than B. coli to the action of succinyl sulfathiazole.'* 1 
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Prior to and at the conclusion of the experiment, determinations were made of the 
erythrocyte count, total and differential leucocyte counts, concentration of hemoglobin 
and of plasma protein. Attention was also given to the ability of the monkeys to remove 
isoiodeikon from the blood stream during a period of 30 minutes; the method employed 
was that of Graham and Cole as described by Elman and Heifetz (10). The concentration 
of the drug in the blood was determined at frequent intervals throughout the experiment. 

During the first and tenth days of the period of parenteral injections, several urine 
samples were collected from each animat and analyzed for total sulfonamide content. 

Results. During the injections the only definite evidence of possible toxic 
reactions were: a single instance of vomiting following an intravenous injection 
in one monkey (on the 8th day), lassitude for 5 to 10 minutes following a pro- 
longed intravenous injection (and this was seen but twice), and lassitude fol- 
lowing the intraperitoneal injections of the first and second days. That the 
general effect of the parenteral injections was not severe is indicated by the fact 

TABLE 4 


Determinations of erythrocyte count, hemoglobin concentration, plasma protein concentration 
and isoiodeikon excretion in monkeys before and after a ten-day period of daily 
parenteral injections of sodium succinyl sulfathiazole (1 gram per kgm.) 


MONKEY* 

ERYTHROCYTES IN 
MILLIONS PER CUM. 

_ 

llEMOCLODlN 

CRAMS /100 CC. 

PLASMA PROTEIN 
CRAMS/100 CC. 

PERCENTAGE EXCRETION 
or tsoiODEtKON nr 

30 MINUTES 


0 days 

10 days 

0 days 

10 days 

0 days 

10 days 

0 days 

10 days 


5.32 


■SI 

10.8 

7.07 

6.86 


96 


5.39 


EH 

13.1 

7.89 

7.S6 




4,33 



11.1 

7.07 

7.35 




5.87 

4.04 

11.7 

8.5 

7.59 

6.70 




5.18 

3.90 

13.9 


7.5S 

6.42 


95 

Control 

5.40 

6.07 

13.2 

15.9 

8.00 

7.96 

94 

93 


'Each monkey is designated by the manner of parenteral injection: I.V. = intravenous; 
X.P. = intraperitoneal; I.M. = intramuscular; S.C. = subcutaneous. 


that weight loss either did not occur in the treated animals or did not exceed that 
of the control, namely, 0.1 kgm. 

Certain local effects were produced by the injection of the hypertonic solution 
(25%) of sodium succinyl sulfathiazole. Sclerosis of the veins of the intra- 
venously injected monkeys interfered with the ease of administration after the 
first few days. Following subcutaneous and intramuscular injections, there was 
evidence of considerable discomfort. Damage at the injection sites was found 
at autopsy in the intramuscularly injected animal; this was evidenced micro- 
scopically by areas of recent hemorrhage, occasional tiny areas of necrosis and 
occasional nests of small round cells. Recent hemorrhages were found at the 
sites of subcutaneous injections, but no evidence was seen of an infectious 

P The data presented in table 4 indicate that a moderate fall in the concentration 
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of hemoglobin was produced in one of the intravenously injected monkeys; how- 
ever, a negligible change occurred in the red cell count and hemoglobin concen- 
tration of a second animal subjected to identical treatment. The intraperitone- 
ally injected monkey showed no depression in the erythrocyte count, but a 
probably significant decrease in hemoglobin concentration occurred. The in- 
tramuscularly and subcutaneously injected animals showed a clear-cut decrease 
in the number of red cells and definite depression of the hemoglobin concentra- 
tion. No changes of significance were found in the leucocyte picture and no 
nucleated red cells were observed in the blood smears stained for differential 
leucocyte counts. 

Microscopic studies (see below) of the tissues showed active bone-marrow in 
the control and more marked activity in each of the experimental animals. The 
bone-marrow of the intramuscularly injected monkey showed definite hyper- 
plasia of the erythrocytic series. Although studies of the bilirubin concentration 
in the blood weie not carried out, it Is probable that blood destruction was caused 
in some of the experimental animals, with a resultant compensatory hyperplasia 
of the bone-marrow. Hemoglobinuria was not seen, and the occurrence of frank 
blood in the urine was noted only occasionally during the excretion of urine 
heavily loaded with micro-crystals of succinyl sulfathiazolc following the paren- 
teral administration of the drug. 

Only in the case of the intramuscularly and the subcutaneously injected mon- 
keys was there any appreciable depression of the plasma protein concentration 
(table 4), and this is of doubtful significance. The results of the isoiodeikon 
excretion test, as carried out by us, suggest that no depression of this pliase of 
liver activity occurred as a result of the drug therapy. 

In tabic 5 data arc presented on the concentration of sulfonamides attained in 
the blood following the parenteral administration of sodium succinyl sulfathia- 
zole. When these data are examined in connection with those on the urinaiy 
excretion of the diug (table G), it will be seen that the very high blood levels ob- 
tained by pai enteral administration result in the rapid elimination of the drug by 
the kidney, with exceedingly high concentrations in the urine, e.g., 12 grams per 
cent. It is interesting to note that although the highest blood concentrations 
weic obtained following intravenous injections, the rate of elimination by the 
kidney appeared to be significantly moie rapid following intramuscular and 
subcutaneous injections. 

The intensity of crystalluria appaiently did not depend directly upon the con- 
centration of drug in the urine. Although determinations of urinary pH were 
not made, the insolubility of the acid form of the drug indicates that the funda- 
mental cause for precipitation is urinary acidity. At autopsy no evidence was 
found of crystals or concretions in any portion of the urinary tract. 

Pathological examination of the tissues revealed no significant lesions that were 
not dcmonstiable in the control. The vascularity of the glomeruli in the ex- 
perimental animals was somewhat' greater than that of the control, and the 
activity of the bone-marrow was more marked in the monkeys receiving paren- 
teral injections of drug, particularly the intramuscularly injected animal. Both 
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of these findings can be attributed to normal physiological responses of a com-' 
pensatory nature. Four of the six animals, including the control, showed evi- 
dence of lymphoid hyperplasia, hyperemia of the adrenal medulla, tiny areas of 
necrosis in the liver, some desquamation of tubular epithelium of the residual 
kidney, and some pulmonary round cell infiltration. These changes may have 
been in part due to tuberculosis, although the animals had a negative tuberculin 
reaction at the beginning of the experiment. There is an interesting resemblance 

TABLE 5 


Concentration of sulfonamides (in mgm. per 100 cc.) in the blood of unilaterally nephrectomized 
monkeys following the daily parenteral administration of sodium succinyt 
sulfathiazole (1 gram per kgm.) 


DAY 

HOURS 

TOLLOW- 

I.V.* 

I.V. 

I.P. 

i.u. 

s.c. 


JECTIOlf 

Freef 

Total f 

Free 

Total 

Free 

Total 

Free 

Total 

Free 

Total 

1 


3.5 

152 

4.1 

170 








0.5 

3.5 

120 

3.3 

119 

— 

74.5 

— 

136 

— 

65.1 


1 

2.7 

104 

2.9 

98. 0 

— 

EZI 

— 

122 

— 

84.7 


2 

2.1 

78.4 

2.7 

62.3 

— 

44.7 

— 

93.3 

— 

91.0 


4 

2.3 

32.3 

2.7 

22.3 


22.9 

— 

|K!X1 

— 

57.1 


S 


8.5 

0.9 

6.9 

— 

8.2 

— 

12.5 

— 

10.4 


24 

0.5 

6.3 

0.9 

7.5 

— 

S.2 

— 

7.8 

— 

7.2 

3 

4 

-t 

26.7 

— 

28.5 

1.0 

62.3 


36.1 

1.4 

74.6 


24 

— 

15.1 







— 

9.4 

7 

4 

— 

39. S 

— 

40.8 







S 

! 4 





— 

52.1 

— 


— 

55.2 

10 

m 

4.5 

167 

4.3 

138 








EH 

2.9 

136 

4.8 

171 

4.2 

E2H 

2.8 

141 

2.9 

133 


i 

2.4 

102 

3.0 

125 

2.9 

115 

2.7 

12S 

2.8 . 

138 


2 

l.S 

68.4 

2.3 

74.2 

2.5 

99.3 

E&H 

94.1 

2.1 : 



4 

1.2 

25.4 

1.5 

25.4 

1.7 

53.0 

i.i 

38.9 

1.4 

49.9 


S 

— 

10.4 

— 

8.8 

EX9I 

6.9 

— 

7.2 

1.1 

9.4 


24 

— 

4.7 

— 

3.5 

— 

8.8 

— 

8.S 


6.3 


* The designation of each monkey in the table corresponds with that of table 4. 
t See footnote. 5 

J — = Very faint color (less than 0.5 mgm. per 100 cc.). 


of some of the lesions to the pathological changes which Sabin and collaborators 
(11, 12) described in monkeys infected with 5-virus. The relatively tremendous 
blood concentrations of succinyl sulfathiazole which were produced repeatedly 
cannot be said to have caused definite pathological changes. Those differences 
which existed between the findings in the control and in the experimental animals 
are ascribed to changes of a compensatory character. Even the local damage at 
the sites of injection is not remarkable when it is considered that the 25 per cent 
solution used is extremely hypertonic. 
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Discussion, The bacteriological data suggest that the monkey, under the 
dietary conditions of the experiment, is not an ideal animal for the demonstration 
of the chemotherapeutic activity of sulfonamides on the coliform organisms of the 
intestine. The unusually low coliform counts which w ere obtained in the feces of 
normal monkeys might suggest that succinyl sulfathiazole should reduce the 
number of these bacteria to 100 or less with even greater ease than in dogs. The 
cause of the lesser susceptibility of these organisms to succinyl sulfathiazole in the 
monkey is an intriguing question. Several possible factors may be involved; 
particularly attractive at the moment is the possibility of the presence of sub- 
stances which inhibit the anti-coliform activity of the drug. Such hypothetical 
substances might be contributed by the non-coliform organisms which pre- 
dominate among the intestinal flora, by the particular diet employed, or by the 
intestinal secretions of the monkey. The work of Poth and his collaborators 
(2, 3, 4) indicates that the factors which operate in the monkey appear to be of 
relatively little significance in the canine and human species. 

The toxicological data show that succinyl sulfathiazole is absorbed to a very 
limited extent in mice, rats and monkeys; similar results were reported by Poth 
and co-workers (2, 3, 4) with dogs and human beings. Oral dosage in mice, with 
amounts up to 40 grams per kgro., caused no deaths and produced a blood level of 
only 2 6 mgm.% sulfathiazole and 4.2 mgm.% succinyl sulfathiazole. Addition 
of the drug (5%) to the diet of rats for a period of a month caused no toxic effects 
and failed to affect the growth rate. Prolonged administration to monkeys in 
amounts up to 5.0 grams per kgm. daily, in six divided doses, did not deleteriously 
influence the health of the animals and produced no evidence of pathological 
changes. 

Parenteral administration of sodium succinyl sulfathiazole was resorted to in 
order to disclose any toxic effect of the drug which might result if absorption 
occurred under unpredictable circumstances. Injections of a neutral 25% solu- 
tion of sodium succinyl sulfathiazole (1 gram per kgm. per da}' for ten days) in 
unilaterally nephrectomized monkeys caused damage at the sites of injection, but 
no other histopathological changes of consequence. The bone-marrow was more 
than normally active and increased vascularity of the glomerular tufts of the 
kidney was noted; this may have been due to the high concentration of the drug 
in the blood and glomerular filtrate. So prompt is the excretion of succinyl 
sulfathiazole following parenteral injection that concentrations as high as 12 
grams per 100 cc. have been found in the urine. It is possible that succinyl sul- 
fathiazole may have a sufficiently low renal threshold to be of value in the study 
of kidney function. 

Succinyl sulfathiazole so readily forms soluble salts that precipitation in the 
urinary tract at times did not occur following parenteral administration, even 
with high concentrations, e.g. 10%; on the other hand, heavy crystallization has 
been noted with a concentration of 4%. The acidification of a dilute (0.2%) 
solution of sodium succinyl sulfathiazole in urine will result in precipitation of the 
drug. The occurrence of crystallization in urine is evidently dependent for the 
most part on the reaction; as the pH of the urine declines, the possibility of pre- 
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of these findings can be attributed to normal physiological responses of a com- 
pensatory nature. Four of the six animals, including the control, showed evi- 
dence of lymphoid hyperplasia, hyperemia of the adrenal medulla, tiny areas of 
necrosis in the liver, some desquamation of tubular epithelium of the residual 
kidney, and some pulmonary round cell infiltration. These changes may have 
been in part due to tuberculosis, although the animals had a negative tuberculin 
reaction at the beginning of the experiment. There is an interesting resemblance 

TABLE 5 


Concentration of sulfonamides (in mgm. per 100 cc.) in the blood of unilaterally nephrectomized 
monkeys following the daily parenteral administration of sodium auccinyl 
sulfathiazole ( 1 gram per kgm.) 


DAY 

HOURS 

FOLLOW- 

I.V.* 

I.V. 

I.P. 

Z.M. 

s.c. 


JECTION 

Freet 

Totalt 

Free 

Total 

Free 

Total 

Free 

Total 

Free 

Total 

1 

0.2 

3.5 

152 

4.1 

170 








0.5 

3.5 

120 

3.3 

119 

— 

74.5 

— 

136 

— 

65.1 


1 

2.7 

104 

2.9 

98.0 

— 

60.4 

— 

122 

— 

84.7 


o 

2.1 

78.4 

2.7 

62.3 

— 

44.7 

— 

93.3 

— 

91.0 


4 

2.3 

32.3 

2.7 

22.3 


22.9 


40. S 

— 

57.1 


S 

0.9 

S.5 

0.9 

6.9 

— 

S.2 

— 

12.5 

— 

10.4 


24 

0.5 

6.3 

0.9 

7.5 

— 

8.2 


7.S 

— 

7.2 

3 

4 

-t 

26.7 

— 

28.5 

1.0 

62.3 

0.6 

36.1 

1.4 

74.6 


24 

— 

15.1 



' — 


— 

6.0 


9.4 

7 

4 

— 

39. S 

— 

40.8 







8 

4 





— 

52.1 

— 

38.0 

— 

55.2 

10 

0.2 

4.5 

167 

4.3 

13S 








0.5 

2.9 

136 

4.8 

171 

4.2 

150 

2.8 

141 

2.9 

133 


1 

2.4 

102 

3.0 

125 

2.9 

115 

2.7 

128 

2.8 

138 


o 

l.S 

68.4 

2.3 

74.2 

2.5 

99.3 

2.0 

94.1 

2.1 . 

103 


4 

1.2 

25.4 

1.5 

25.4 

1.7 

53.0 

1.1 

38.9 

1.4 

49.9 


8 

— 

10.4 

— 

8.8 

0.8 

6.9 

— 

7.2 

1.1 

9.4 


24 

— 

4.7 

— 

3.5 

— 

8.3 

— 

S.8 

— 

6.3 


* The designation of each monkey in the table corresponds with that of table 4. 
t See footnote. 3 

t — = Very faint color (less than 0.5 mgm. per 100 cc.). 


of some of the lesions to the pathological changes which Sabin and collaborators 
(11, 12) described in monkeys infected with B-virus. The relatively tremendous 
blood concentrations of succinyl sulfathiazole which were produced repeatedly 
cannot be said to have caused definite pathological changes. Those differences 
which existed between the findings in the control and in the experimental animals 
are ascribed to changes of a compensatory character. Even the local damage at 
the sites of injection is not remarkable when it is considered that the 25 per cent 
solution used is extremely hypertonic. 
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cipitation of succinyl sulfathiazole is greatly increased. So little drug is absorbed 
following oral administration, however, that no evidence of crystal formation or 
concretions was seen in the urine or urinary tract. 

All information available at present indicates that it is unlikely that succinyl 
sulfathiazole will cause manifestations of serious toxicity following the oral 
administration of the drug. 

The microscopic studies of tissues have been carried out with the aid and ad- 
vice of Dr. Dale R. Coman, of the Department of Pathology, University of 
Pennsylvania School of Medicine. We are grateful for the valuable assistance 
rendered by our associates Miss Esther Terry, Miss Ethel Williams and Mr. 
Wilbur Benson. 


SUMMARY 

Succinyl sulfathiazole, 2-(iy 4 -succinyl-sulfanilamido)-thiazole, a new sulfon- 
amide of promise as an intestinal bacteriostatic agent, has been studied from the 
standpoint of acute and chronic toxicity. 

Absorption of the drug from the gastro-intestinal tract has been shown to be 
very limited. No toxic effects were observed in mice following oral doses of 40 
grams per kgm. Two hours after such doses blood concentrations of 2.6 mgm.% 
sulfathiazole and 4.2' mgm.% succinyl sulfathiazole were produced. Rais ex- 
hibited no depression of the growth rate and no other manifestations of toxicity 
when fed for 33 days on a chow containing 5% succinyl sulfathiazole. The mean 
blood concentrations found were 1.4 mgm.% sulfathiazole and 4.6 mgm.% suc- 
cinyl sulfathiazole. Monkeys were given a solution of sodium succinyl sulfa- 
thiazole by stomach tube every 4 hours for 30 days in dosages up to 5.0 grams per 
kgm. per day. All animals gained weight and no toxic effects were seen; micro- 
scopic examinations of the tissues revealed no abnormalities. The average 
blood concentrations on the maximum dosage were 0.8 mgm.% sulfathiazole and 
3.0 ragm.% succinyl sulfathiazole; calculations based on the maximum concen- 
tration found in the urine indicated that less than 4% of the ingested dosage (5 
grams per kgm.) was excreted by the kidneys. 

The effects of parenteral administration of succinyl sulfathiazole were studied 
to disclose any toxicity which might be caused by high blood and mine concen- 
trations, should these occur under unpredictable circumstances following oral 
administration. By various parenteral routes one pram per kgm. (in the form of 
a neutral 25% solution of the sodium salt) was given to unilaterally nephrec- 
tomized monkeys daily for 10 days. The greater the local damage at the sites of 
the injections, the more significant was the decrease in hemoglobin concentration 
and erythrocyte count; these changes were not seen in all monkeys. Moderate 
activity of the bone-marrow was apparently compensatory to the decrease in 
blood constituents. Increased vascularity of the glomeruli of the kidney was 
ascribed to the high concentrations of drug in the blood and glomerular filtrate. 
In the blood, concentrations up to 170 mgm.% were reached (following intra- 
venous injection) ; and in the urine a maximum concentration of 12 grams per 100 
cc. was found (following intramuscular injection). Crystal formation in the 



246 


A. D. WELCH, P. A. MATHS AND A. R. LATVEN 


urine, which occurred irregularly, was apparently related primarily to urinary 
pH; no blockage of the urinary tract occurred and no crystals were found at 
autopsy. 

Injected intraperitoneally in mice as an olive oil suspension, succinyl sulfa- 
thiazole had an approximate LD M of 5.7 grams per kgm. Blood concentrations 
two hours following the administration of the LD W dose of drug were 8.2 mgm.% 
sulfathiazole and 263 mgm.% succinyl sulfathiazole. 

Injected intraperitoneally as an aqueous solution of the sodium salt, the LDm 
was found to be approximately 7.5 grams per kgm.; 7.0 grams per kgm. (the ap- 
proximate LD 4 o) produced a blood concentration of 9.7 mgm.% sulfathiazole and 
775 mgm.% succinyl sulfathiazole, 30 minutes following drug administration. 

All evidence available at present indicates that toxic reactions of consequence 
will not occur following the oral administration of succinyl sulfathiazole. 
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In the course of a series of experiments aimed primarily at a determination 
of the comparative antidotal efficiencies of picrotoxin and coramine in avertin 
narcosis (1), it was observed that two distinct types of death occurred from 
avertin intoxication. In the first instance there was acute death due to direct 
systemic poisoning where the dose was lethal and where the antidote when em- 
ployed failed to protect. Twenty-eight out of a total of 89 animals exhibited 
this type of death. In the second instance, there occurred a delayed type of 
death following the administration of a sub-lethal dose of avertin or, in the case 
of a dose within the lethal range, when the antidote proved effective in protecting 
the animal against the acute systemic action of avertin. In this latter instance 
there occurred a recovery from the direct action of the narcotic and the animal 
regained consciousness, but without relapsing into narcosis or exhibiting any 
other sign of the deleterious effect of the avertin, death occurred between the 
first and seventh experimental day. Thirty-five of the 89 animals exhibited this 
type of delayed death. This report represents the results of a study into the 
mechanism causing the delayed type of death in animals subjected to avertin 
medication. 

Rabbits were used throughout. Liquid avertin with amylene hydrate was 
administered per rectum cither in single or in broken doses. One cc of the solu- 
tion represented one gram of avertin crystals and 0.5 cc of the adjuvant amylene 
hydrate. The analeptics, picrotoxin and coramine, were injected intravenously. 

Sixteen of the 35 animals included in our observations died during the day, and 
we were able to observe and record the symptoms associated with their deaths 
and also to remove immediately selected samples of tissues for histological study. 
In all the 35 instances, however, regardless of the time of death, an autopsy was 
done and visceral changes were studied grossly. 

A constant phenomenon associated with these delayed deaths was acute pain 
on defecation. The animal would be apparently well when suddenly in an 
effort to defecate it would emit a piercing shriek and topple over in paroxysms of 
pain. This was soon followed by death. Without exception autopsy revealed 
inflammatory or ulcerative lesions in the colon, 3 to 4 inches above the anus. 
Thirteen cases (43%) of the series showed that the intestine had ruptured, 

1 We wish to express our thanks to Dr. W. S. Quinland, Professor and Head of the Depart- 
ment of Pathology at Meharry Medical College, and Dr. Robert S. Jason, Professor and 
Head of the Department of Pathology at Howard University Medical School, for their 
kindness in preparing and reading the slides. 
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throwing fecal material into the abdominal cavity. , At the site of rupture the 
intestine usually showed signs of profuse granular corrosion. See table 1. 

TABLE 1 


Delayed deaths 


NO. 

AVEBTIN 

STIMULANT 

INITIAL RECOVERY TIME 

CONDITION TOLLOW 
INC RECOVERY 

DEATH AFTER 
RECOVERY 


mgm/kgm 

mgm/kgm 

minutes 



l 

150 



170 

Good 

On 5th day 

2 




270 

Good 

On 6th day 

3 




87 

Very good 

On 4th day 

4 

250 

P 0.5 

(1) 

45 

Very good 

On 9th day 

5 

300 



ISO 

Good 

On 4th day 

6 

300 



300 

Fair 

On 4th day 

7 

300 



ISO 

Good 

On 5th day 

8* 

300 

C 685 

(4) 

245 

Sick 

On 4th day 

9* 

300 

C 2250 (9) 

4S0 

Sick 

In 48 hours 

10* 

300 

C 416 

(3) 

300 

Sick 

In 12 hours 

11* 

300 

[C 315 

(2) 

300 

Sick 

In 12 hours 

12* 

300 

C 700 

(4) 

! 244 

Sick 

In 12 hours 

13 

300 

C 1805 (9) 

1 367 

Convulsed 

Never awoke 

14 

300 

C 385 

(3) 

' 145 

Good 

On 6 th day 

15 

300 

P 1.7 

(1) 

185 

Very good 

On 7th day 

16 

500 



157 

Very good 

On 2nd day 

17 

500 



148 

Fair 

On 1st day 

18 

500 

C 1020 (8) 



Never awoke 

19 

500 

P 4.7 

(3) 

70 

Very good 

On 3rd day 

20 

500 

P 3.8 

(3) 

95 

Very good 

On 4th day 

21 

500 

P 2.7 

(2) 

47 

Very good 

On 7th day 

22 

500 

P 3.5 

(3) 

84 

Very good 

On 5th day , 

23 

750 




Never awoke 

On 3rd day 

24 

750 




Never awoke 

On 2nd day 

25* 

750 

C 165 

(D 

2S0 

Sick 

On 4th day 

26* 

750 

C 555 

(4) 

1400 

Sick 

On 2nd day 

27* 

750 

C 165 

(1) 

308 

Sick 

On 4th day 

28 

750 

P 2 

(1) 

168 

Good 

On 3rd day 

29 

750 

P 3 

(1) 

160 

Very good 

On 3rd day 

30* 

750 

P 2.3 

(1) 

90 

Convulsed 

On 2nd day 

31* 

1000 

C 435 

(3) 

Awoke next day 

Sick 

On 2nd day 

32* 

1000 

P 2.7 

(3) 

Awoke next day 

Sick 

On 2nd day 

33* 

1000 

P 4 

(3) 

Awoke next morning 

Sick 

On 2nd day 

34 

1000 

P 2.8 

(3) 

Awoke next morning 

Good 

On 4th day 

35* 

1000 

P 3.1 

(3) 

Awoke next morning j 

Sick J 

On 3rd day 


Bracketed numbers under "Stimulant” indicate the number of injections. P = Picro- 
toxin, C — Coramine. Asterisks indicate perforations. 


Histological studies for the purpose of determining the nature and extent of 
visceral lesions, if any, were made by Drs. W. S. Quinland and R. S. Jason, of 
the Meharry Medical College and Howard University School of Medicine, re- 
spectively. Although the tissues studied were not taken from the same animals, 
the general concurrence of these independent pathological findings makes it 
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unnecessary to report them separately. Following is a brief description of each 
group of samples: 

Brain. Sections of cerebrum and cerebellum show demyelinization and fatty degenera- 
tion of the subarachnoid region, so that the neuroglia cells are more conspicuous. Several 
of the pyramidal cells of the cerebral cortex are swollen and are in a state of early granular 
degeneration; these appear more acid staining. The same applies to the large cells of the 
ganglionic layer of the cerebellum. Many of these cells also show complete destruction 
of the nucleus. 

Spleen. Normal. 

Pancreas. Some lysis; edema of its stroma and what appears to be fat necrosis, mild, 
but without inflammatory reaction. 

Liver. Diffuse autolytic destruction of practically all the hepatic cells which now appear 
as shadows, with well defined cell walls that are somewhat exaggerated in staining reaction 
os a result of the presistent bile capillaries. The nucleolus is conspicuous in many of the 
nuclei. The cytoplasm is reduced to an attenuated area of acid staining amorphous ma- 
terial significant of massive edema that is further characterized by the generalized increase 
in size of the cells. These findings connote a primary cloudy swelling and subsequent 
antolysis such as may be seen in a profound toxemia. That the drug has spent most of its 
potency in the central portion of the lobules is attested by the gradual shading of incom- 
plete destruction of the hepatic cells immediately surrounding the portal areas, where in 
this location, some persist as delicate fibrillary cords. 

Kidney. Inflammatory lesions, resembling those found in the liver, which in some areas 
extend into the pyramids. The convoluted tubules are lined by cells which appear swollen 
and have granular cytoplasm. The picture is that of an early toxic nephrosis. 

Lungs. Essentially normal. 

Heart. Hematoxylin and Eosin reveal some inequality in the staining of many myo- 
cardial fibers. Fat stains show these to be granular, but it is with difficulty that droplets 
of fat are found indicative of very slight fatty degeneration. 

Colon. The epithelium of the crypts shows mucoid degeneration and even disintegra- 
tion. The mucosal stroma is edematous, somewhat engorged, shows small hemorrhages 
and is infiltrated slightly, but definitely by leucocytes, which are seen best next to the 
muscularis mucosa. 

Summary. A severe catarrhal colitis is associated with degenerative changes in the 
heart, liver and kidneys, which is clearly fatty in the liver and indefinitely so iu the heart 
and kidneys. There are questionable changes in the brain. The sinusoids of the spleen 
are dilated. 

Solutions of avertin tend to decompose into dibromacet aldehyde and hydro- 
bromic acid upon exposure to air, light or heat at 40°C or above. These sub- 
stances are both very' irritating to the rectal mucosa. As far back as 1931 
Parsons (2) reported that eats, injected rectally with avertin solution previously 
decomposed by heat, developed acute hemorrhagic proctitis within a very short 
time. In the course of the discussion following his report Parsons stated that 
solutions of avertin made up with amylene hydrate are fairly stable. However, 
it is always routine procedure to test for break-down acid products by the simple 
use of Congo Red (2 drops of 1 : 1000 solution to 5 cc of the mixture). Never- 
theless, a negative test is not always assurance against rectal irritation. In 
1935 Shipway (3) listed colitis and intestinal obstruction among the contraindi- 
cations for the use of avertin rectally. In the same year Barlow (4), discussing 
late death in rabbits anesthetized with avertin fluid administered by this route, 
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said: “Such late deaths were presumably due to local changes in the rectum and 
coecum as observed at autopsy, and ranged in degree from marked inflammation 
to necrosis with perforation and peritonitis.” With these observations our 
gross findings (1) reported in 1940 are in substantial accord. In 1938, Beecher 
(5) cited two undesirable side actions to avertin administered rectally — transient 
diarrhea and rectal irritation. He listed these as factors contributing to the 
decline in its employment for surgical anesthesia. Amylene hydrate does not 
enhance the irritant action of avertin. It renders the solution more stable. 
In the course of the discussion of Parsons’ report, referred to above, it was stated 
that Lundy administers avertin in 6% gum acacia with good results. 

SUMMARY 

1. Avertin administered rectally to rabbits in sub-lethal doses or in lethal 
doses which are effectively antidoted by picrotoxin so as not to cause acute 
death by systemic intoxication, produces a delayed death by rectal irritation, 
inflammation, ulceration and sometimes perforation. 

2. This intestinal lesion is associated with analogous degenerative visceral 
changes chiefly in the heart, the kidney, the brain, and the liver. 

3. The immediate cause of death is either perforation of the intestine followed 
by peritonitis or excruciating pain on defecation. 
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Studies on the action of quinidine on the heart made soon after the introduc- 
tion of that drug into the therapeutics of heart disease indicated that it was 
primarily a depressant substance, acting uniformly on heart muscle fibers and 
the specialized tissues. Lowering of rhythmicity, raising of threshold, slowing 
of conduction in auricle and ventricle and lengthening of refractory period were 
emphasized by Lewis, Drury, Iliescu and Wedd (1). However, Love (2) work- 
ing later in Lewis’ laboratory concluded that for the tortoise ventricle poisoned 
by quinidine, the absolute refractory period was actually shortened when meas- 
ured by' an accurate method that largely excluded conduction. In 1932, Gold 
and Modell (3) reported that in unanesthetized dogs quinidine caused sinus 
acceleration, and impairment of A-V conduction was never seen. These authors 
attributed the results of earlier investigators to the effect of the anesthetics used 
rather than of quinidine itself. Results similar to those of Gold and Modell were 
reported by Flaum (4) who observed the action of quinidine on rabbits. Never- 
theless, many current writers will stress the depressant action of quinidine, 
particularly its supposed lengthening of refractory period (5). On account of 
this lack of agreement it appeared desirable to make further studies of the 
subject. 

The majority of observations herein reported were made on the heart of the turtle 
P&cudomys elegans using the whole heart cither excised or in situ or strips of auricular or of 
ventricular muscle. In a few cases the whole heart of the frog Rana pipiens was used. The 
effects of quinidino on the rate of spontaneous beating, threshold for electrical stimuli, 
conduction rate, refractory period and duration of electrical systole have been studied. 
The method employed in studying electrical activity was essentially that introduced by 
Craib (6). Its theoretical aspects have been elaborated by Wilson, MacLeod and Barker 
(7). This method has already been used in this laboratory to study the relations of electri- 
cal and mechanical systole (8) and also in an investigation of the action of digoxin (9). 
Details of the method are given in those papers. When muscle strips were used they were 
either placed on a filter paper or fixed in a small well in a paraffin block and bathed with 
phosphate buffered Ringer’s solution. The tissues were rhythmically stimulated by con- 
denser discharges and electrograms from two regions were recorded simultaneously by 
means of amplifiers and piezo electric ink writers. At each of the regions selected for 
recording one electrode w’as placed against the tissue while the other was placed 
at a distance of 2 or 3 cm. in a position such that a line joining the electrodes was normal to 
the direction of the strip. The recording electrodes in contact with the strip terminated in 
cotton wicks. Strips were rhythmically stimulated through platinum electrodes placed 
transversely near one end. To record from the intact heart one active electrode was placed 
on the auricle and the other on the ventricle. In some of these experiments a single indif- 
ferent electrode placed at a distance was made common to both channels; in others, an 
indifferent electrode was provided for each active one. The method of determining the 
251 
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refractory period will be described later in the text. The drug was applied to the excised 
tissues in concentrations from 1 to 2 X 10“* in Ringer’s solution. Concentrated solutions 
containing a few mgm. were given to the intact turtles. 

Figure 1 illustrates the records obtained from strips. The lower tracing in each case is 
from a region proximal to the stimulated end and the upper tracing from a region more 
distal. The pens do not write one above the other but the shocks introduce simultaneous 
deflections like S in record D. The Q-T interval is measured from the middle stroke of the 
diphasic Q wave where it crosses the iso-electric line to the corresponding point of the T 
wave (9). Because the interval shock to Q in any case may be shortened by increasing the 
strength and consequently the spread of the driving shocks, conduction time was always 
measured from proximal to distal Q rather than from shock to Q in the tracing from a single 
region. It should be noted that Q-T as it is defined here may be quite constant as conduc- 
tion is slowed while the corresponding interval as measured from the beginning of R to the 
end of T in the electrocardiogram is lengthened. The reason for this is that the latter 
quantity contains the conduction times for both’excitation and recovery. It will be seen 
on comparing A and F of figure 1 that both the Q and T waves are longer in F, in keeping 
with slowed conduction. Consequently, electrical systole of a given region is apparently 
longer and of the whole strip is actually longer but the interval between depolarization and 
^ repolarization at a given region remains unaltered. For consistency in the present work 
Q-T intervals from the electrocardiograms of whole turtles or intact hearts were measured 
from a given phase of Q-R-S toagiven phase of T — a method analogous to that used on strips. 

Drug effects. Effect on the Q-T interval and the refractory period. When 
the Q-T interval of rhythmically driven strips of either ventricular or auricular 
muscle was measured before and after the application of quinidine it was found 
that its value rarely showed significant change, and when it did slight shortening 
usually occurred. Examples of two such experiments are shown in figures 2 and , 
3. In a single instance, the Q-T interval of an auricular strip lengthened appre- 
ciably. Figure 1 shows some shortening in a ventricular strip. 

It has already been shown that in this type of preparation when Q-T and re- 
fractory period are measured at the same region almost identical values are 
obtained (8). The procedure used to determine refractory period in these 
experiments was somewhat different from that previously described. Regular 
driving shocks were applied in the usual manner near one end of the strip. The 
test shock, however, was put in about 1 cm. lower down very close to the proxi- 
mal recording electrode. It was assumed that the absolute refractory period at 
this point began with depolarization, i.e. with the Q wave. Measurements were 
made to determine only the end of the refractory period in relation to repolariza- 
tion indicated by the T wave. If the refractory period at the region of the test 
electrode was over, an extra electrical response was recorded, both there and 
later at the distal recording electrode. If the refractory period had not ended 
either no new complex appeared or a small complex would be recorded at the 
proximal electrode only which represented a response from some recovered region 
between the driving and the proximal electrodes. The latter effect is possible 
because the strong test shocks may spread back toward the regularly driven end 
of the strip which is normally the first region to recover. This method has cer- 
tain advantages over that used previously in which the test shocks were applied 
at the same place as the driving shocks, for if recording also is done at that region 
the complexes are distorted by the shocks, whereas if it is done at some distance, 
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the Q-T interval there may be different from that where the shocks are applied. 
With the present method, if the test shock makes recognition of the T wave diffi- 
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cult it can be located by referring to the preceding regular complex. This is not 
entirely satisfactory but no determination of absolute refractory period is without 
error. . The most serious difficulty with the present method occurs as a late drug 
effect in which conduction block is observed. This is discussed below. 
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Fio. 2. Turtle Ventricular Strip 

The larger dots represent Q-T intervals, the smaller dots conduction times and the circles 
thresholds for electrical stimuli. At the arrow quinidine 1 to 5 X 10 a was added to the 
irrigation fluid. The right hand ordinates represent thresholds only. The abscissae repre- 
sent time from the beginning of the experiment. 



Fig. 3. Turtle Auricular Strip 

The larger dots represent Q-T intervals, the smaller dots conduction times and the 
circles thresholds for electrical stimuli. At tlie arrow quinidine 1 to 10' was added to the 
irrigation fluid. The right hand ordinates represent thresholds only. The abscissae repre- 
sent the time from the beginning of the experiment. 

Figure 4 represents data from one complete experiment. Measurements were 
made during 30 min. before and 50 min. after applying the drug. In the dia- 
gram the normal and drug results are to the left and right, respectively, of the 
arrow. In each determination the larger circle represents the time of writing of 
the T wave measured from its Q; the smaller circle represents the time of applica- 
tion of an extra shock which gave a response; the solid dot indicates an extra 
shock which failed to produce a response. Before applying the drug no shock 
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earlier than T by more than a small interval caused an extra beat, while no shock 
later than T {ailed to do so. After the drug has been on for some time the 
shocks had to be slightly later than T to be effective. This difference usually 
observed as a late drug effect is probably due to conduction block of the extra 
beat rather than to real lengthening of the refractory period. This is indicated 
by the observations that small unconducted responses are seen to shocks just 
following T and that the earliest conducted complexes are frequently weak as 
if due to response of only part of the strip. Only the shocks which produced 
conducted responses were plotted in figure 4. Block is to be expected at this 
time under. the circumstances because added to the impairment of conduction 
brought about by the drug is the normal marked slowing associated with the 
early stages of the relative refractory period. 



Fro. 4. Turtle Ventricular Strip 

The larger circles represent the times of occurrence of the T waves as measured from Q 
The smaller circles show the times of application of test shocks which elicited extra systoles 
The dots represent shocks which failed to elicit response. The abscissae have no signifi- 
cance as the measurements were made at irregular intervals for 30 minutes before adding 
quimdme 1 to 7600 at the arrow and for 50 minutes afterwards. The test shocks were kept at 
5 times threshold strength as the threshold was raised by the drug. 

It is concluded from experiments like those represented in figures 2, 3 and 4 
that the Q-T interval is not altered by quinidine and that it is equal to the abso- 
lute refractory period after application of the drug as well as before. There is a 
slight apparent increase of the refractory period over the Q-T interval as a late 
drug effect hut this is probably due to conduction block rather than to any real 
difference. Even if this effect should be brought about by therapeutic doses of 
the drug, which is doubtful, it is too small to demand serious consideration in 
explaining the action of quinidine. The effect of the drug on the excitation 
threshold and conduction are much more important. Tliis will be considered 
now. 

Effect on threshold and conduction. In figures 2 and 3 it will be seen that in- 
crease of the threshold for electrical stimuli begins as soon as the drug is applied. 
This invariable result is always accompanied by an increase of the conduction 
time. In the absence of changes of chronaxie it is to be expected that conduction 
effected by the action current of a tissue will be slowed in linear relation to the 
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reciprocal of increasing threshold as measured by externally applied shocks (10). 
This expectation is realized in nerve (11). Probably a sufficiently valid approxi- 
mation is proportionality of conduction time to threshold. According to Moisset 
de Espands (12) the chronaxie of toad heart is increased by quinidine. The 
dosage employed in his determinations was quite high but there is probably 
some change with small doses. If so the conduction time will increase more 
rapidly than expected from rise of threshold alone. In the experiments on 
which the present report is based approximate proportionality of conduction 
time to threshold was observed as an average result indicating that rise of thresh- 
old is the important factor in conduction change. Figure 5 represents qualita- 
tively the threshold-conduction relation. It is to be expected on general grounds 
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h , Illustrated on the left and right, respectively, is the relation of threshold of local excita- 
(ory state to external shocks and to action current. On the left the just adequate shock /I 
represented by the rectangle raises the excitatory state A in the tissue to threshold value in 
a time just equal to its duration. If the threshold now rises to the level of the broken line 
the shock may be increased in strength t o;l + B just sufficiently to excite in the same time 
or it may be increased just sufficiently in duration to A + C leaving the strength unaltered. 
Thus a rise in threshold is indicated either by the necessity of increasing the strength or the 
duration of the externally applied stimulus. On the other hand, as represented on the 
right, when conduction is being effected by the action current of the tissue rise in threshold 
can be overcome only by increasing the duration of current flow at any given region because 
the strength of the current is determined by the membrane potential which is assumed not 
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Q-R-S lengthens because conduction is slowed. Q-T lengthens in response to 
the slowing of rate. The P-R interval in this case lengthens but this is not a 
constant result. In about equal numbers of experiments it lengthened, short- 
ened and remained the same as the rate slowed. The basis for this finding is 
probably the observation that the P-R interval decreases to a minimal value and 
increases again as the rate of beating is decreased from a high value. Conse- 
quently, slowing any given preparation may either lengthen or shorten P-R . 
The drug might be expected to exert two actions, one a direct lengthening of the 
P-R by slowing conduction and the other a change in either direction through 
rate slowing. That the drug does lengthen P-R as a direct action appears, 
however, to be very doubtful. 



Fic. G. Turtle Heart in Situ Beating Simultaneously 

'. ■ he right 

bar. ' > experi- 

mei , , . . . ^ - t at the 

time marked by the arrow 

The direct effect on the P-R interval. Excised whole turtle hearts in Ringer’s 
solution and a few in situ were driven at a constant rate, 18 per minute, for 
periods before and after the addition of quinidine to determine the variation of 
P-R in the absence of rate change. The stimuli were applied to the right auricle 
and measuiements were made of the duration of the P-R interval and of the 
iso-electric period between P and Q so as to avoid in the latter case, including 
any part of auricular or ventricular conduction in the results. Unexpectedly', 
no important alteration of the iso-clectric interval ascribablc to drug action was 
found even when ventricular conduction had become so slow the Q-R-S was 
extended several fold and the beat was no longer coordinated. The duration of 
P was increased but it was never a large enough fraction of P-R to lengthen that 
period significantly. The experiments were not entirely satisfactory because 
P-R usually tended slowly to lengthen in Ringer’s solution alone. In no case 
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following the drug, however, did P-R lengthen more than a few percent from any 
cause. This result makes it seem doubtful that A-V conduction in the turtle 
is mediated by unspecialized muscle fibres as a simple extension of auricular 
conduction. 

The effect of Tate on Q-T before and after the drug. To answer the question as 
to whether the variation of Q-T with rate as well as its value at a given rate is 
unaltered by quinidine a number of ventricular strips were driven at twice the 
usual rate of 18 per minute for periods before and after the drug. The results 
are illustrated by records A and F of figure 1. In F after the drug, Q-Q is much 
longer showing that drug action has taken place on conduction but Q-T is un- 
changed. It is indicated by these and similar results that the variation of Q-T 
with rate is not altered by the drug. It will be observed in figure 1 that con- 
duction in F is slower than in C and D. Increase of rate under the drug in this 
case slowed conduction but this was not a constant finding and the conditions 
for its appearance were not discovered. 

Comment. It appears from these experiments that the action of quinidine on 
cardiac muscle is relatively simple and may be explained for the most part by the 
raised threshold for stimulation which it causes. This rise of threshold in turn 
slows muscle conduction. Because of the anti-vagal action of the drug the rate 
of beating of the normal cardiac rhythm of the intact mammal may be increased. 
However, rise of threshold and the anti-vagal action work together to slow 
. conduction, at least in the auricle. Consequently, the drug may be expected 
'jto have its greatest therapeutic use in those cases in which slowing of conduction 
/will be of advantage. The principal examples in which that condition obtains 
are the re-entrant tachycardias, fibrillation and flutter, for in these slowing of 
conduction slows the rate of the abnormal pacemaker and affords thereby greater 
opportunity for the normal pacemaker to resume control. Such opportunity is 
somewhat lessened by an increase of refractory period of the muscle consequent 
to decreased rate of beating and the anti-vagal effect on auricular muscle, but 
this may be offset by heightened rhythmicity at the S-A node. Similarly, the 
drug will be indicated in ventricular tachycardia, which is now believed to be a 
re-entrant mechanism and is known to be slowed by quinidine. In this case 
the anti-vagal action probably does not contribute to the slowing of conduction 
within the muscle but it does facilitate A-V nodal conduction, and since the 
latter does not appear to be slowed by direct action of the drug impulses from the 
increased rhythm of the normal pacemaker are assured conduction to the 
ventricle. 

The use of the drug appears to be contra-indicated in either sinus or nodal 
tachycardia because in these the anti-vagal action will increase the rhythm of the 
pacemaker while slowing of muscle conduction may be harmful by producing a 
less co-ordinated ventricular beat. 


SUMMARY 

Studies made on driven strips of turtle auricle and ventricle have shown that 
quinidine does not alter significantly the absolute refractory period. The 
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refractory period and the Q-T interval have again been found to be practically 
equal, and this holds both normally and under quinidinc action. The threshold 
for electrical stimuli is raised promptly and in consequence conduction in muscle 
is slowed, in about the same proportion. The drug slows the rate of beating of the 
heart of the pithed turtle and of the isolated frog heart. The P-R interval of the 
rhythmically driven turtle heart, in situ or isolated, is not appreciably lengthened 
at a time when conduction in auricle and ventricle is markedly slowed. Varia- 
tion of Q-T interval with rate of beating is the same after the drug as before. 
It*is concluded that the principal effects of the drug can be ascribed to rise of 
threshold and its consequences. Therapeutic use of the drug is indicated pri- 
marily in the re-entrant tachycardias, for in them slowing of conduction within 
the muscle may permit the normal pacemaker to re-establish control. 
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AFTER LIVER INJURY FROM CARBON TETRACHLORIDE 1 
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- There have been comparatively few studies of the effect of liver injury by 
toxic agents upon liver function. The effect of hepatic damage upon hippuric 
acid synthesis from administered benzoate has been especially neglected, 
although the Quick hippuric acid test (I) has been used as a clinical test of liver 
function since 1933. Carbon tetrachloride produces anatomical hepatic injury, 
and associated with the histological changes certain evidences of functional 
disturbance have been found through liver function tests. In dogs, dj’e reten- 
tion and reduced galactose tolerance have been described (2, 3), while in rats 
a marked drop in the plasma prothrombin level occurs after carbon tetrachloride 
poisoning (4). Adlersberg and Minibeck (5) studied the urinary excretion of 
hippuric acid in rabbits after carbon tetrachloride and phosphorus injections. 
Urine was collected for 4 hours after benzoate administration and the hippuric 
acid was determined by ether extraction and a formol amino titration. They 
found a decrease in hippuric acid excretion on the second or third day after daily 
injections of carbon tetrachloride were begun. 

j On the contrary, Bryan (6) failed to find definite evidence of diminished 
^hippuric acid excretion in dogs after carbon tetrachloride, and Mann and Bollman 
(7) have stated that they have been unable to demonstrate any reduction in 
the rate of conjugation of benzoic acid in completely hepatectomized dogs. 
In these experiments total combined benzoic acid and not hippuric acid was 
determined. 

The hippuric acid synthesis following certain other hepatotoxic substances 
has also been studied. Lackner, Levinson, and Morse (8) reported that hip- 
puric acid synthesis was diminished in dogs after hydrazine poisoning, while 
Delprat and Whipple (9) obtained similar results in dogs after chloroform 
anesthesia. As has been shown (10), these findings are invalidated because in 
both cases the Folin-FIanders method for hippuric acid was used, and this 
determines total combined benzoic acid, not hippuric acid. Quick and Cooper 
(10) showed by Quick’s method that chloroform only slightly decreased the 
synthesis of hippuric acid in dogs. Tulane, Christman, and Lewis (11) found 
in rabbits treated with hydrazine a significant decrease in the hippuric acid 
output six hours after sodium benzoate administration. Griffith’s method (12) 
was employed which estimates actual hippuric acid. Kanzaki (13), from a 
study of the blood hippuric acid after phosphorus and chloroform poisoning, 

1 Aided by a grant from the David Trautman Schwartz Fund, New Orleans, and the 
Tulane University Research Fund. 

5 Fellow of the Rockefeller Foundation from Bogota, Columbia. 
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concluded that the liver was concerned with hippuiic acid synthesis in the 
rabbit. 

It was thought that moie information could be obtained by studying hippuric 
acid synthesis in another species, the rat, in the picsence of a normal liver and a 
liver damaged by carbon tetrachloride. 

Methods. For the test of hippuric acid synthesis, adult fasting rata were given by 
stomach tube GGQ mgm. of benzoic acid per kilo as sodium benzoate in a 1.56% aqueous 
solution. The volume of the solution administered was 5% of the Height of the rat. The 
large water intake was employed to insure adequate urinary volume. Urine was collected 
for an eight hour period because of the slow rate of synthesis of hippuric acid in the rat, 
as is show n below. After the first 5 hours, a second diuresis waB induced by administering 
water in the same volume ns before. The determination of hippuric acid in the urine was 
performed according to the ether extraction method of Quick (1) which consists of the 
continuous ether extraction of a urine sample, HC1 hydro! j sis of the extracted hippuric 
acid, and a formol titration of the glycine liberated. Northrop’s formol titration (14) was 

HIPPURIC ACID EXCRETION 


AFTER CCl +x g {VS. : 


NORMAL ; 


0 ' 100 200 300 Too 

BENZOIC ACID IN MG. PER KC. IN 3 HRS. 

Fio. 1. Hippuric Acid Excretion (Calculated as Benzoic Acid) in Rats during Eight 

Hours following the Administration of Sodium Benzoate (660 mqm./kom. of 
Benzoic Acid) 

substituted fur that described by Quick. The glycine found was calculated as benzoic 
acid. Urine samples were cither extracted the same day or preserved in the ice box over- 
night under toluene. 

Carbon tetrachloride in a dose of 1 cc. per kilo was injected subcutaneously in a 50% 
olive oil solution three times a week for periods up to 4 weeks In a few acute experiments 
it was not diluted with oil but injected as such in a dose of 10 cc. per kilo. The livers of the 
rats were preserved in formalin and in Maximow-osmic fluid and studied histologically in 
order to correlate pathological and chemical findings The diet of the animals consisted 
of Wayne Dog Blov 

Results. The chemical procedures were checked with glycine and recrystal- 
lized hippuiic acid. The titration eiror was found to be within 1% and the 
over-all error including mine extraction was within 10%. The fasting excre- 
tion of hippmic acid by not mat rats in an 8 hour period without administered 
benzoate was found not to be significant. Values (calculated as benzoic acid) 
between 3 and 20 mgm./kgm. weto found. After oral sodium benzoate the 
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rate of hippuric acid excretion in the rat was found to be lower than in the rabbit 
(12). This relationship agrees with in vitro studies (15). In a preliminary 
experiment, eight hours after sodium benzoate was given, 2S0 mgm./kgm. of 
benzoic acid were found, representing 42% of the benzoic acid administered, 
while in the next eighteen hours 81 mgm./kgm., or 12%, were found. The 
total for 24 hours was 361 mgm./kgm., representing a synthesis and excretion 



Fig. 2. Maximow-osmic Preparation of tub Liver of Rat Xo. 3 Showing 5+ Fatty 
Degeneration following CC1 ( 


TABLE 1 

Hippuric acid excretion in rat no. I before and after carbon tetrachloride injections 


Hippuric acid expressed as benzoic acid 


»ATE 

WEIGHT 

BENZOIC ACID 
GIVEN 

BENZOIC ACID 
RECOVERED 

IN 8 HOURS 

S\NTHESIS 

BENZOIC ACID 
RECOVERED 


grams 

tngm. 


per cent 

mgm./kgm. 

March 3 

311 

211 

71.9 

31.1 

230 

March 25. 

297 

198 

109.9 

55 5 

367 

April 18 

322 

211 

66.2 

31 3 

207 

April 30 . 

CCI< begun; 1 cc. 3 times u week | 



May 7 

328 

211 

68 1 

32.2 

206 

May 15 

300 

198 

79 2 

40.0 

264 

May 19. 

299 

I9S 

70.7 

35.6 

236 

May 23 

278 

185 

61.5 

33.3 

221 

May 29 

275 

185 

57 3 

31.0 

20S 


of 54%. ' The eight hour excretion value in normal rats varied fairly extensively, 
but in general fell between 175 and 275 mgm./kgm. 

The result of carbon tetrachloride intoxication on the hippuric acid excretion 
is seen in figure 1. These values represent repeated experiments on 12 rats 
before and at various times after carbon tetrachloride was begun, ranging from 
19 hours to 4 weeks after the first dose. It will be seen that the great majority 
of the results were within the normal range. Of the low values seen, one (120 
mgm./kgm.) occurred in rat Xo. 6, 7 days after carbon tetrachloride was begun, 
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but it was followed by normal values of 176 and 226, 6 and 13 days thereafter. 
The liver damage in this rat was graded as 2+ on histological examination. 
The hippuric acid excretion in rat No. 2 was found to be 218, 207, and 228 
mgm./kgra. (benzoic acid) on the 7th, 11th, and 17th days respectively after 
carbon tetrachloride injections were begun, but fell to 155 on the 2lst and to 
101 on the 26th day. The last figure was unreliable because of oliguria. The 
liver of this animal showed a 54- (maximum) injury histologically. The data 
on this animal are suggestive of functional liver deficiency, but the results of 
tests on other animals similarly treated do not substantiate this conclusion. 
The remaining 6 rats maintained a normal hippuric acid excretion throughout 
the course of carbon tetrachloride treatment. One rat (no. 4) excreted 208 
mgm./kgm. of benzoic acid even though it died at the end of the test. The 
liver of this rat showed a 5-f* injury. It is notable that even in a moribund 
state and with a liver severely damaged from an anatomical standpoint, the 
animal was able to synthesize hippuric acid at a normal rate. The livers of 
all the animals showed damage to some extent (fig. 2). A protocol of a typical 
series of experiments on one animal is shown in table 1. 

Discussion. Obviously, the rate of synthesis of hippuric acid in rats poi- 
soned with carbon tetrachloride is the same as in normal rats, in spite of the 
anatomical evidence of liver injury. These findings arc directly at variance 
with those of Adlersberg and Minibeck (5) in the case of the rabbit. The ex- 
planation of this discrepancy may thus be in a species difference which may 
apply (a) to the site of hippuric acid synthesis, or (5) to the degree of functional 
liver damage produced by carbon tetrachloride. In support of (o) it will be 
recalled that in the rabbit a decreased rate of hippuric acid synthesis occurs after 
chloroform, phosphorus (13) and hydrazine poisoning (11), and the synthesis 
in the last case is not increased by feeding glycine. In the dog total conjugated 
benzoic acid values remain unchanged after hepatectomy (G). Borsook and 
Dubnoff (15) have shown that the synthesis of hippuric acid occurs in vitro 
with dog kidney slices but not with dog liver slices; while in the guinea pig, 
rabbit, and rat it occurs with both liver and kidney slices. Apparently the 
older obseivations of Bunge and Schmiedeberg (16), that the kidney is essential 
for hippuric acid synthesis in the dog have been well substantiated. Clinical 
experiences have definitely associated the synthesis with the liver in man. In 
the case of the rabbit, it would seem that the liver is of great importance in 
this synthesis; while our findings indicate the relative unimportance of the liver 
of the rat in hippuric acid synthesis. 

Flora the point of view (5) of a species difference in the degree of functional 
liver damage produced by carbon tetrachloride, Quick (1) has assumed that 
impaired hippuric acid excretion indicates deficient glycine formation in the 
liver. Our results would then indicate cither an cxtrahcpatic production of 
glycine in rats or a remarkable ability of the hepatic cells to produce glycine in 
spite of injury. Wells (17) has emphasized the ability of injured hepatic cells 
to function normally, and has pointed out that toxic fatty metamorphosis may 
fail to be associated with marked impairment of function. Thus, from this 
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point of view, our findings could be interpreted as showing that the rate of glycine 
production by the rat liver is normal even when the liver is severely damaged 
anatomically by carbon tetrachloride. At present it cannot be stated which 
point of view is correct. 


CONCLUSIONS 

1. Hippuric acid excretion following benzoate administration in the rat takes 
place at a slower rate than has been found by Griffith for the rabbit. 

2. After acute or chronic hepatic injury produced by carbon tetrachloride, 
rats are able to synthesize and excrete hippuric acid from administered benzoate 
at a normal rate in an eight hour period. 

3. Species differences in this detoxication mechanism must be taken into 
consideration in interpreting results. 

We wish to thank Mr. Phillip Hitchcock for constructing the extractor used 
in these experiments and Dr. William H. Summerson of Cornell Medical Col- 
lege who criticized the manuscript. 
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The hazards accompanying metrazol therapy of schizophrenia were recognized 
by Stalker (I) and others shortly after this method of treatment was introduced. 
Attempts to prevent traumatic fractures by modifying the tonic muscular con- 
tractions with curare wei c first tried by Bennett (2) with some success, but the 
difficulty in obtaining a potent and reliable curare has alwaj r s been an important 
factor in its use. Other agents have been suggested, and among these are salts 
of two naturally occurring alkaloids, beta-crythroidine hydrochloride and 
dihydro-beta-crythroidine hydrobromide, first isolated by Folkers and Major 
(3). Rosen and associates (4) have shown that beta-erythroidine can modify 
the metrazol seizures in dogs. Recently Williams (5) and Rosen and Borenstein 
(6) reported on a series of clinical trials of this substance, during which they 
encountered toxic manifestations. Synthetic curare-like agents have been 
tried also. Quinine methochloride dihydrate is one of these and has been 
investigated by Harvey (7). The drug possesses a marked curare-like action 
but Bennett (8) after clinical trial felt that the quinine derivative was not as 
satisfactory as curare. Prolonged apnea and a significant fall in blood pressure 
appeared to be the principal disadvantages. 

The present paper describes 34 synthetic compounds belonging to the curare- 
like group of agents. A majority of these substances has been prepared before 
as chemical entities, but many of them have not been considered previously as 
possible curare substitutes. The following study was undertaken in the hope of 
establishing more definite data on the curare-like responses. For the purpose of 
comparison quinine methochloiide dihydrate and the two erythrina alkaloids are 
included. To conserve space only pertinent references are cited. 

Methods. Each of the substances was administered to frogs and if it proved effective, 
further tests were carried out on rabbits and pigeons and occasionally on cats. Those 
which showed a curariform paralysis and no muscular tremors in frogs with doses less 
than J 00 mgm. were examined for their respiratory ami circulatory actions, using the 
modified method of Thomas and Franke (9, 10) With this arrangement it is possible to 
determine the functional state of the central respiratory mechanism by recording the 
rhythmic contractions of an excised leaf of the diaphragm in response to impulses mediated 
through the intact phrenic nerve. Any central stimulation or depression is indicated by 
an increase or decrease of the rate and amplitude of the contractions. Peripheral or curare- 
like paralysis is shown by cessation of activity of the intact leaf. Blood pressure was 
recorded from a carotid artery in the usual manner. The extent of peripheral muscular 

1 This research was supported by a grant from the Parke Davis Company. 
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TABLE 1 


Comparison of curare-like effect of thirty-seven quaternary ammonium compounds 


DBDG 

TOTAI 
NVU- 
BEK Oi 
OBSER- 
VATION: 

, APPaOXniATE CUBAKIZIN 
DOSE, MGU./KCJf, 

G 

n 

Pigeor 

i Rabbi 

t 

Cr-X Quinine methochloride dihydrate. . 

. 27 

40 

10 

7 .) 

5 Active 

Cr-2 2-Methylbenzoxazole benzobromide . 

5 

300 



Ineffective 

Cr-3 Trimethylene-bis-isothiourea 






hydrobromide 

10 

1000 



Ineffective 

Cr-4 Beta-hydroxyethoxethyltrimethyl 






ammonium chloride 

13 

30 

2.£ 

5 

Muscular tremors 

Cr-S Quinine ethocliloride dihydrate 

14 

30 

10 

5 

Active 

Cr-6 Dimetbylaminoacetamide matho- 






chloride 

10 

300 

20 

20 

Slight action 

Cr-7 N-Methylephedrine methiodide 

19 

30 

50 

15 

Active 

Cr-8 Phenaeyltrimethyl ammonium 






chloride 

10 

so 

10 

5 

Muscular tremors 

'Cr-9 3,4-Dihydroxybenzoylmethyltri- 






methyl ammonium chloride 

8 

30 

10 

10 

Muscular tremors 

Cr-10 Alpha-picoline-beta-naphthoyl- 






methobromide 

12 

300 

100 

20 

Ineffective 

Cr-12 Alpha-picoline methiodide 

9 

: 300 

100 


i Ineffective 

Cr-14 Phenethyltrimethyi ammonium 


; 



! 

; 

bromide 

10 

15 

5 

5 

Muscular tremors 

Cr-15 Trimethylene di-(trimcthyl) am-. 






'» moniura chloride 

9 

300 

100 


Muscular tremors 

/Cr-16 Cetyl trimethylammomum bromide. 

14 

200 

15 

20 

Muscular tremors 

Cr-17 Quinoline methiodide 

9 

300 

100 


Slight action 

Cr-18 Benzyltrimethyl ammonium bro- 






mide 

8 

40 

10 

4.5 

Muscular tremors 

Cr-19 Cetylpyridinium bromide 

6 

300 

100 


Slight action 

Cr-20 Para-nitrobenzyltrimethyl am- 






monium bromide 

7 

100 

25 


Muscular tremors 

Cr-21 Trimethylacetoximino ammonium 






chloride 

5 

300 



Ineffective 

*Cr-22 2-aminopyridine phenaeyl bromide.. 

6 

300 



Muscular tremors 

*Cr-23 Trimethyl-alpha-acetaminopyridyl 






ammonium chloride 

6 

200 



Slight effect 

Cr-25 Trimethylaminoethyl acetate chlo- 






ide 

5 

300 



Ineffective 

Cr-26 Phenylisopropyltrimethylammonium 






iodide 

8 

30 

5 

7.5 

Muscular tremors 

Cr-28 Nicotinic acid methiodide 

5 

300 



Ineffective 

Cr-29 Brucine methiodide 

12 

70 

15 

15 

Active 

*Cr-30 Brucine methobromide 

10 

60 

15 

15 

Active 

Cr-31 Quinine methobromide 

12 

50 

10 

5 

Active 

Cr-32 Quinine di-methoiodide 

6 

150 



Active 

Cr-34 Beta-ethoxyethylmethylmorpho- 






linium iodide 

5 

300 



Ineffective 

Cr-35 Beta-hydroxyethylmethylmorpho- 






linium iodide 

5 

300 



Ineffective 
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TABLE 1 — Concluded 


MOO 

TOTAL 
SOM- 
BER OP 
OBSEB- 
V AT IONS 

■ 

APPROXIMATE CUBASlZDiO 
DOSE, MGM /ECU 

REMARKS 

Fcog 

J Pigeon 

| Rabbit : 

*Cr-36 Beta-hydroxyethylbcnzylmorpho- 

, 





linium iodulc 

5 

300 



Ineffective 

*Cr-37 Phenylmcthylmorpholinmm iodide 

5 , 

300 



Slight action 

Cr-33 Quinine methoiodide. . 

7 

GO 



Active 

Cr-39 Tnmethylphenylammonium iodide . 

5 

150 



Active 

Cr-40 Trimetbyl-para-tolylam/nomum 






iodide .... 

7 

so 



Active 

Beta-erythroidinc HCl 

15 

5 

5 

5 I 

Active 

Dihydro-beta-erythroidine IlBr. . . . j 

13 

2 

2.5 

1 

Active 


With the exception of beta-crythroidine hydrochloride and dihydro-beta-crvthroidiile 
hydrobromide, all of these compounds were supplied by the Research Division of Parke* 
Davis & Company, under the direction of Dr. Oliver Komm. The alkaloids were supplied 
by Dr. D, F. Robertson of Merck & Company. 

* These compounds on the list arc new, having been made for the first time in connection 
with tins work, 

paralysis was determined by electrical stimulation of a sciatic nerve. A11 drugs were 
injected into a lymph sac in frogs and intravenously in the other species. The doses are 
given as milligrams per kilogram. 

Results. A list of the compounds and a summary of their effectiveness are 
given in table 1. From this preliminary study the most active compounds ap- 
peared to be, besides quinine methochloride (Cr-1) and the erythrina alkaloids, 
Cr-5, Cr-7, Cr-29, Cr-30, Cr-31, Cr-38, Cr-39 and Cr-40. Further analysis of 
their actions on the respiratory and circulatory systems served to bring out 
certain undesirable side actions and eliminated all but Cr-5 from possible future 
consideration. Cr-7 produced only transitory peripheral paralysis in doses up 
to 40 mgm. Higher doses were not tried because the active pressor effect of this 
compound seemed to preclude further study. Cr-29 and Cr-30, although effec- 
tive in doses of 10 to 20 mgm., appeared to increase the excitability of the spinal 
cord. Tremors and moderate tetanic convulsions were observed which un- 
doubtedly were considerably conditioned by the curare-like action of these 
substances. No significant difference was noted in the actions of the three 
methohalogen derivatives of quinine, Cr-1, Cr-31 and Cr-38. Cr-39 and Cr-40 
showed a marked muscarine-like effect. Table 2 is an evaluation of the actions 
of Cr-5, quinine cthochloride dihydrate, quinine methochloride dihydrate and 
the erythrina alkaloids. 

The smallest dose which produced a distinct modification of the contractions 
of the intact diaphragm was found to be about 5 mgm. for Cr-1, Cr-5, and beta- 
erythroidine. However, for prolonged effects 17.5 mgm., 12.5 mgm. ’and about 
7.5 mgm. respectively, u ere required. Dihydro-beta-erythroidine was the most 
potent of the group, 0.5 to 1.0 mgm. producing complete diaphragmatic paral- 
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j sis. W ith. icspeet to the central respiratory mechanism none of these agents 
could be classed as depressants unless 4 to 10 times the minimal paralytic dose 
was administered. Only a moderate fall in blood pressure was observed with 
any of these substances. This fall usually accompanied injection of the drug and 
recovery occurred within 3 to 5 minutes. Cr-1 produced the greatest and 
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Fig. 1. Typical Effects of a Quinine Derivative (Quinine Methobro.uide) on 
Contractions of Intact and Excised Segments of the Diaphragm in a Dog 

About two times the paralytic dose was injected intravenously. Immediate paralvsis 
of the intact segment occurs. The isolated leaf maintains rhythmic contractions indicating 
no central respiratory depression. A moderate transitory fall of blood pressure may also 
he observed. 


TABLE 2 


Summary of effects of curarc-likc agents on respiratory mechanism and blood pressure in dogs 




NUM- 
BER OP 


EFFECT ON 


COMPOUND 

RANGE 

EX- 

PERI- 

MENTS 

Blood 

pressure 

Central 

respiratory 

mechanism 

Peripheral 

respiratory 

mechanism 

Sciatic 

♦Quinine ethochloride dihy- 

tngm./ksm. 

5-25 

7 

per cent 

-33 

None 

Complete 

Complete 

drate 

Quinine methochloride di- 

5-15 

S 

-11 

None 

paralysis 

Complete 

paralysis 
Partial to 

hydrate 

Beta-erythroidine-HCl 

0.5-15 

15 

-14 

None to 

paralysis 
Partial to 

complete 
None to 

Dihydro-beta-erythroidine- 

0.5-20 

6 

-20 

slight 

Slightly 

complete 

Complete 

complete 

Complete 

HBr. 




depressed 

paralysis 

paralysis 


* First prepared by Strccher, Ann., 91: 167, 1854. 


beta-erythroidine the least fall in blood pressure. Figure 1 shows a typical 
response of one of the quinine derivatives, quinine methobromide. 

SUMMARY AND CONCLUSIONS 

1. Thirty-four synthetic agents belonging to the curare-like group of com- 
pounds were studied for their peripheral paralyzant action. 
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2 . Compounds possessing three methyl groups presented muscarine-like 
actions characteristic of tri-methyl ammonium compounds. The curare action 
was not markedly changed by alteration in chemical structure and such agents 
seem to hold little promise as curare substitutes for therapeutic application. 

3. Beta-erythroidine hydrochloride and dihydro-beta-erythroidine hydro- 
bromide are effective neuromuscular paralyzants, the latter having about five 
times the potency of the former. A central respiratory depression was produced 
by these substances, the amounts required, however, being several times the 
fatal paralytic dose. 

4. The methyl ester of quinine has about four times the potency of the di- 
methyl ester. On the other hand, quinine ethochloride dihydrate has an activity 
approaching twice that of the monomethyl derivative. Duration of action 
appears to be somewhat shorter for the ethyl ester which may be an advantage 
in its use in shock therapy. 
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In a previous communication (1) a series of curare-like compounds were 
described. Quinine ethochloride dihydrate and dihydro-beta-crythroidine 
hydrobromide gave definite promise of therapeutic usefulness as neuromuscular 
paralyzants. Since unfavorable clinical results have been reported on quinine 
methochloride (2, 3) and beta-erythroidine hydrochloride (4) when used to 
modify metrazol seizures in shock therapy, it seemed desirable to make a quanti- 
tative comparison of these curare-like agents with quinine ethochloride dihydrate 
and dihydro-beta-erythroidine hydrobromide. 

Toxicity. This was determined in dogs and rats. The drugs were adminis- 
tered as 1% solutions intravenously in dogs and intravenously and intraperi- 
toneally in rats. The effects of toxic doses of these substances were 
characteristically those of a paralytic dose of curare. Death in every instance 
was due to peripheral respiratory paralysis, as diaphragmatic breathing persisted 
to the last and the heart continued beating 3 to 8 minutes after all attempts at 
respiration had ceased. The erythrina alkaloids presented characteristic re- 
sponses not observed with the quinine derivatives. These consisted of a marked 
slowing of the heart especially in dogs, from a control of 120-140 to 24-40 beats 
per minute. Salivation was also noted in all animals. In surviving dogs severe 
gastrointestinal distress with retching, vomiting, repeated attempts at defecation 
and urination almost always occurred. The animals assumed a crouched posi- 
tion giving every evidence of acute abdominal pain, and were depressed for an 
hour or more. A summary of the toxicity of the four compounds is given in 
table 1. 

It is seen that fatal doses when administered intravenously were considerably 
lower for the quinine derivatives in white rats than in dogs. For instance, the 
surely fatal (100 per cent mortality) dose for white rats was 6 mgm. per kilo for 
quinine ethochloride dihydrate and 10 mgm. per kilo for quinine methochloride 
dihvdrate, while that for normal dogs was approximately twice as large, or 15 
mgm. and 20 mgm. per kilo respectively. Strangely enough the opposite obtains 
with the erythrina alkaloids. Dihydro-beta-erythroidine is decidedly less toxic 
in rats than in dogs. The dose for 100 per cent mortality of white rats was 15 
mgm. per kilo as compared with 1 mgm. per kilo in dogs. Similarly for beta- 

1 This research was supported by a grant from the Parke-Davis Company. 
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erythroidine, 50 mgm. per kilo in rats killed 8 of 9 animals, while 10 mgm. per 
kilo proved fatal in each of 3 dogs. No comparison of intraperitoneal toxicity 
was made in dogs and rats. However, in comparing intravenous and intra- 
peritoneal doses in rats it may be seen that a wider margin of dosage exists 
between the amounts necessary for a fatal outcome for the quinine derivatives 


TABLE 1 
Toxicity 



INT1A VENOUS IN DOCS 1 

JXIAAVENOUS OfJUTS j 

WTXAITUTO.VEAI. 

W RATS 

StrB5TAi.CE 

Dose 

Number 

ot 

animals 

Percent 

nortality 

Dose 

Number 

of 

animals 

PtI cent 
morality 

Dose 

Number 

of 

Animals 

Pt: cent 
mortality 


Mi"*. 

fertim. 






«(«■ 
fir k(n. 



Quinine cthochlo- 

5.0 

1 

0 

5.0 

5 

40 

25.0 

0 

1G 

ride dihydrate 

7.0 

1 

0 

6.0 

5 

100 

37.5 

5 

60 


8.5 

3 

33 

7.0 

5 

100 

40.0 

5 

CO 


9.0 

3 

0 

7.5 

5 

100 

50.0 

5 

100 


10 0 

3 

33 








11.0 

2 

0 








12.5 

3 

0 








15.0 

2 

100 







Quinine methochlo- 

5.0 


0 

5.0 

5 

60 

50.0 

3 

0 

ride dihydrate 

10 0 

3 

0 

7.5 

5 

80 

GO.O 

5 

0 


15.0 

3 

33 

10.0 

5 

100 

70.0 

5 

20 


17.5 

3 

66 




75.0. 

7 

71 


20.0 

3 

100 




100.0 

3 

100 








125.0 

3 

100 








150.0 

3 

00 

Dihydro-beta-erytb- 

0.75 

3 

0 

0.5 

3 

0 

JO.O 

3 

0 

roidine hydrobro- 

1.0 

3 

100 

5.0 

5 

20 

25.0 

5 

0 

roide 

2.0 

3 

100 

7.5 

11 

45 

30.0 

8 

25 





10.0 

15 

66 

35.0 

5 

SO 





12.5 

10 

60 

37.5 

3 

100 





15.0 

5 

100 

50.0 

3 

100 

Beta erythroidine 

5.0 

2 

0 

35.0 

9 

56 

100.0 

3 

0 

hydrochloride 

7.5 

3 

33 

40.0 

12 

42 

150.0 

8 

25 


10.0 

3 

100 

50.0 

9 

S9 

175.0 

8 

75 








200.0 

3 

100 


than for the alkaloids by these two routes. The surely fatal dose of quinine 
ethocbloride dihydratc was 50 mgm. per kilo or about eight times that given 
intravenously; quinine methochloride dihydrate required 100 mgm. per kilo 
which is 10 times the dose by the intravenous route. Surely fatal doses for 
dihydro-beta'Crythroidine and beta-erythroidinc were 37.5 mgm. and 200 mgm. 
per kilo, or approximately three and four times the intravenous dosages. 

Gaslric Absorption. Gastric absorption was determined in dogs. Food was 
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withdrawn from all animals the night before the day of administration of the 
drugs. The dose was given either in capsule form or as a watery solution by 
stomach tube. Data on gastric administration are presented in table 2. It 
can be seen that all of the agents are effective by this route and the order of 
effectiveness is the same as that for toxicity. No evidence of severe gastric dis- 
comfort was observed with any of these agents. However, after absorption the 
erythrina alkaloids gave the usual gastrointestinal and cardiac symptoms already 
mentioned. 

The Anticonvulsant Action. A total of 77 experiments were carried out on 34 
dogs. If any animal was used more than once, a rest period of 24 to 72 hours was 
allowed before subsequent experiments. The routine of drug administration 
was as .follows : the curare-like agent was injected rapidly in from 15 to 25 second s 
and one minute allowed for development of the paralytic effect. Metrazol was 
then administered and the extent of the response, its duration and the recovery 
time of the animal noted. The intensity of the curariform action was graded 
as zero (0) if there was no modification of the convulsive seizure to four plus 
(+ + + +) which represents almost complete absence of muscular spasms, but 
not necessarily fatal paralysis. Artificial respiration, when employed, was 
maintained by tracheal intubation. This was not induced until 4 minutes had 
elapsed from the time the curare-like agent was given. It was observed that 
if an animal did not attempt spontaneous diaphragmatic breathing between the 
4th and 6th minute, survival without assistance was not assured. In certain 
experiments no attempts were made to assist the animal regardless of its condi- 
tion. This was done to test maximum degree of paralysis and, incidentally, 
protection which could be obtained and still permit spontaneous recovery of the 
animal. Kecovery time is represented by the time period elapsing between the 
beginning of the injection of the paralytic agent to that stage of recovery where 
the animal was able to stand without assistance. 

The curare-like agents were used as 1 or 2% solutions in 0.9% saline. Metra- 
zol was used as a 10% aqueous solution. All drugs were administered by vein. 
The optimal convulsant dose of metrazol as tested in 25 dogs was found to be 
25 mgm./kg. The convulsive seizure appeared between the 6th and 7th second 
after administration and persisted for from 1 minute 45 seconds to 3 minutes 25 
seconds with complete recovery in 2 to 5 minutes. The dosages of the curare- 
like agents varied since it was planned to ascertain the amount of drug required 
to give maximum protection against the standard metrazol dose without fatal 
paralysis. Details are given in table 3. 

All of the curare-like agents modified the metrazol seizures. Quinine etbo- 
chloride gave the best protection without complicating respiratory paralysis. 
Eight and one-half mgm. limited the muscular spasms to feeble clonic twitchings 
of the extremities. Diaphragmatic breathing usually began in 5 minutes and 
recovery time averaged 13 minutes. Higher doses afforded no more protection 
but produced complete respiratory paralysis which necessitated artificial respira- 
tion to save the animal. Quinine methochloride was less effective and required 
amounts approaching the fatal paralytic dose. The protective dose for dihydro- 



TABLE 2 
Gastric absorption 


tOBSTAXCE 


itches* o* 

ACTUALS 

' ONSET or 
TAXAUSU 

TATE Ot ANIUAXS 

Quinine ethochlo- 

tnim. }er >xn». 

175 to 187.5 

10 

minuter 

No indications of paralysis 

ride dihydrnte 

200 

2 


No indications of paralysis 


200 

1 

45 

Death 2 hours after onset of paraly- 


200 

1 

45 

sis 

Death 2 hours after onset of paraly- 


225 

2 

i 

sis 

No indications of paralysis 


250 

1 

25 

Death 2 hours after onset of paraly- 


250 

1 

59 

Bis 

Death 23 minutes after onset of 


250 

1 

18 

paralysis 

Death 13 minutes after onset of 

Quinine metho- 

200 to 300 

5 


paralysis 

No indications of paralysis 

chloride dihy- 

400 

1 

35 

Death 2J hours after onset of 

drato 

400 

X 

45 

paralysis 

Recovery 1J hours after onset of 


500 

500 

i 

55 

paralysis 

No indications of paralysis 
Recovery 3 hours 35 minutes after 


500 

1 

10 

onset of paralysis 

Death 36 minutes after onset of 

Dihydro-beta- 

12.5 

1 

12 

paralysis 

Recovery in 27 minutes after onset 

erythroidinc 

-hydrobromide 

| 12.5 

1 

6 

of paralysis 

Death in 20 minutes after onset of 


25 

1 

4 

paralysis 

Death in 19 minutes after onset of 


50 

1 

11 

paralysis 

Death in 30 minutes after onset of 


150 

, 

10 

paralysis 

Death 20 minutes after onset of 


200 

1 

3 

paralysis 

Death 20 minutes after onset of 

Beta-erythroidine 

25 

1 

9 

paralysis 

Recovery 5 minutes after onset of 

hydrochloride 

37.5 

1 , 

10 

paralysis 

Recovery 15 minutes after onset of 


50 

1 

12 

paralysis 

Death 30 minutes after onset of 


100 

l 

16 

paralysis 

Death 16 minutes after onset of 


150 

1 

10 

paralysis 

Death 11 minutes after onset of 


200 

1 

4 

paralysis 

Death 13 minutes after onset of 
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beta-erythroidine appeared to be between 1.5 and 2 mgm. With higher doses 
muscular twitchings appeared similar to those seen in nicotine poisoning even 
before the metrazol was introduced. Beta-erythroidine gave similar responses. 
In view of the unsatisfactory reactions obtained and the appearance of severe 


TABLE 3 

Anticonvulsant action 





DEGREE Of 
PROTECTION 



DRUG 

EXPERI- 

MENTS 

DOSE 

TIME TOR 
RECOVER V 

REMARKS 



mgm. per 
kgm. 


minutes 


Quinine etho- 

1 

5.0 

+ 

2 

, 

chloride di- 

2 

7.5 

+ 

2-3 


hydrate 

8 

8.5 

++++ 

8-18 



17 

9.0 

++++ 

6-15 

4 animals required artificial 






respiration 


9 

10.0 

++++ 

5-22 

5 animals required artificial 






respiration for survival 


3 

12.5 

++++ 

8-18 

All animals required artificial 



1 



respiration 

Quinine metho- 

3 

7.5 


4 


chloride di- 

s 

10.0 

+++ 

9-11 


hydrate 

3 

12.5 

++++ 

12-15 

One animal died 


3 

15.0 

+■+++ 


All animals died of cardiac 






arrest in 4 minutes 

Dihydro-beta- 

1 

0.5 

0 

5 


erythroidine 

1 

0.75 

+ 

15 


HBr 

4 

1.0 

4*4* 

15-25 

Artificial respiration in 2 






animals 


o 

1.5 

+++ 

16 

1 animal died despite artifi- 






cial respiration 


i 

2.0 

+++ 

26 

Artificial respiration required 


i 

3.0 

+++ 

30 

Artificial respiration required 


i 

5.0 

+++ 


Animal died despite artificial 






respiration 

Beta-erythro- 

2 

4.0 

+ 

6-12 


idine HC1 

2 

5.0 

+++ 

18-25 

Both animals required artifi- 





\ 

cial respiration for survival 


side effects with these alkaloids the number of experiments carried out was not 
large. 

The Cardiac Effects. No untoward cardiac effects were noted after the admin- 
istration of the quinine derivatives. The actions of the erythrine alkaloids on 
the heart, however, were of some significance since Williams (4) has reported 
one death due to cardiac failure which he ascribes at least in part to beta-ery- 
throidine. The side effects as noted here had all the indications of a marked para- 
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sympathetic stimulation. Since the alkaloids are quaternary ammonium bases 
(5) it is possible that a nicotine or muscarine-like action might be responsible 
for the irregularities. Accordingly, atropine was tried in a number of experi- 
ments and it proved effective in preventing the cardiac slowing and salivation, 
but not the gastrointestinal symptoms. Further evidence of the parasympa- 
thetic response was obtained by irrigating the exposed turtle heart with a 
solution of the alkaloids. It was found that vagus stimulation became ineffec- 
tive after application of a 1% solution of these alkaloids. In a second series of 
experiments 7 normal dogs were treated with dihydro-beta-erythroidine, 1 
mgra., before and after vagotomy. The average normal heart rate of the group 
was 135, after dihydro-beta-erythroidine, C4. Three hours after vagotomy, 
performed under ether anesthesia, the average rate was 201. The alkaloid, 
under these conditions, slowed the heart to an average of 152 beats per minute. 
Vagal stimulation was relatively ineffective. From these observations it is 
seen that apparently part of the cardiac slowing is produced by either a peripheral 
nicotinic ganglionic or muscarine action, with little or no central vagal stimu- 
lation. 

Discussion. Certain general statements may be made with reference to the 
curare-like properties of these agents. All of them possess marked curariform 
actions. Within certain limits dihydro-beta-erythroidine is the most potent. 
Large doses do not intensify the paralysis. Muscular twitchings about the 
eyes and ears have been noted and these may spread to other parts of the body. 
Undesirable side actions on the heart and gastrointestinal tract have already 
been mentioned. Beta-erythroidine has about one-fifth the potency of the 
dihydro derivative, but otherwise the action of the two alkaloids is identical. 
The toxic manifestations of these alkaloids seem to preclude their general recom- 
mendation in psychiatric practice. 

Quinine mcthochloride is one of the least active compounds in the group. The 
impression is, however, that once the paralytic effect is established there is a 
more prolonged action than with the other agents. Quinine cthochloride appears 
to have the greatest latitude of safety. The anticonvulsant dose is about one- 
half the minimal fatal dose. Those animals receiving large doses could always 
be saved with artificial respiration whereas a number of deaths occurred with 
the other agents under similar conditions. It is possible that the ethyl ester is 
the least stable and the rapid break-down in the body may be a factor in the 
rapidity with which the effects wear off. 

Attempts were made to determine whether prostigmine would antagonize the 
curariform paralysis of any of these agents and thereby hasten recovery time, 
fn 1 1 experiments prostigmine was given intravenously in doses of 0.05 mgro. 4 
minutes after introducing the paralyzant. No significant difference was noted. 
Artificial respiration is still the best antidote. 

CONCLUSIONS 

... , quinine raethochloride 

111 - '-j — —.w.u.uv,, and beta-erythroidine 
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beta-erythroidine appeared to be between 1.5 and 2 mgm. With higher dose 
muscular twitchings appeared similar to those seen in nicotine poisoning ever 
before the metrazol was introduced. Beta-erythroidine gave similar responses 
In view of the unsatisfactory reactions obtained and the appearance of seven 
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1 


1 
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Beta-erythro- 

2 

idinc HOI 

2 


DOSE 

DECJtEE OP 

TIKE TOR 

PROTECTION 

RECOVER V 

mgm. per 
kgm. 

✓ 
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4" 
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4* 
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9.0 
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6-15 

10.0 

4—44—4 

5-22 

12.5 
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8-1S 

7.5 

4* 

4 

10.0 

4*4-4* 

9-11 

12.5 

*4 4*4-4* 

12-15 

15.0 

4- 44-4- 


0.5 

0 

5 

0.75 

4- 

15 

1.0 

4*4 

15-25 

1.5 

4**44- 

16 

2.0 

4-44- 

26 

3.0 

4-4*4- 

30 

5.0 

4-4-4- 


4.0 

-4 

6-12 

5.0 

4-4-4- 

18-25 


•l animals required artificial 
respiration 

5 animals required artificial 
respiration for survival 
All animals required artificial 
respiration 


One animal died 
All animals died of cardiac 
arrest in 4 minutes 


Artificial respiration in 2 
animals 

1 animal died despite artifi- 
cial respiration 
Artificial respiration required 
Artificial respiration required 
Animal died despite artificial 
respiration 

Both animals required artifi- 
cial respiration for survival 


side effects with these alkaloids the number of experiments carried out was not 
large. 

The Cardiac Effects. No untoward cardiac effects were noted after the admin- 
istration of the quinine derivatives. The actions of the erythrine alkaloids on 
the heart, however, were of some significance since Williams (4) has reported 
one death due to cardiac failure which he ascribes at least in part to beta-ery- 
throidine. The side effects as noted here had all the indications of a marked para- 
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It is a common practice to evaluate the power of a germicide to kill some 
specified strain, of bacteria by the in vitro determination of its phenol coefficient. 
Such a method has long been known to have certain limitations. Two most 
important factors in the evaluation of a germicide are its ability to penetrate 
the system present, and to act in the presence of tissue. It was with these 
things in mind that work was undertaken to determine the value of certain 
germicidal substances under actual in vivo conditions. 

In work as yet unpublished the writer found that the germicidal action of 
certain widely used preparations, when used in the presence of tissue, showed 
values that were lower than their respective values when determined on the 
basis of the phenol coefficient test. A procedure was desired that would measure 
the ability of the germicide to act in the system actually present. Kempf and 
Nungester (4) have suggested an in vivo method in which a piece of contaminated 
mouse tail is treated with a germicide and placed in the peritoneal cavity of a 
white mouse . We have attempted to standardize and modify this procedure to 
fit our needs. 

Experimental. In brief, this experiment consisted of applying to the slightly abraded 
skin of white mice, organisms capable of causing a fatal peritonitis. A germicide was 
then applied to the area and after a set time the infected skin was inserted into the peri- 
toneal cavity. If the germicide had lulled the bacteria the mouse showed no ill effects, 
but if not, a fatal peritonitis followed. The method is described later in greater detail. 

The action of the germicide was tested in the presence of both functioning and non- 
functioning tissue— the later term referring to tissue In which normal function has been 
interrupted by the death of the animal— in the belief that there might be a difference be- 
tween the two physiological states. 

Test germicides. The following four germicides were picked for comparison because 
they are representative of four classes of compounds widely used in the field of, disinfection 
and because the first three are at present widely used in clinical medicine. 

Tincture of Iodine (U.S.P.) 

Sodium Ethyl Mercury Thiosalicylate, 1:1000 tincture 
Hexylreaorcinol, 1:1000 aqueous solution 
Cetylpyridinium Chloride, 1 1:200 tincture 

Bacterial culture. The infecting Btrain used in these experiments was the Streptococcus 
hemolyticus, chosen because it is found on the skin and is a constant producer of peritonitis 

1 Presented at the meetings of the Society of America n Bacteriologists/ Baltimore 
Maryland, December 30, 1941. 

* The investigation herein reported was made possible through support granted by The 
Vim. S. Merrell Co., Cincinnati, Ohio. 

* Cetylpyridinium Chloride supplied by the Wm. S. Merrell Co., Cincinnati, Ohio. 
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septicemia, and pyogenic infections. An original culture was enhanced in virulence by 
direct serial passage through the peritoneal cavities of white mice, until, of 0.5 cc. of phys- 
iological saline solution injected into the peritoneal cavity of a dead infected mouse, only 
0.1 cc. of the resultant suspension was necessary to cause death by peritonitis in 6 to 8 
hours. This passage was continued throughout the time of the experiments and cultures 
used were peritoneal exudate cultured onto Bacto brain-heart infusion agar slants con- 
taining 10% defibrinated sheep blood and incubated for 24 hours at 37°C. Five cc, of physi- 
ological saline solution were then added to make the suspension for the test. 

Testing of germicides on functioning skin. An 18 to 22 gram white mouse was etherized 
and placed on its back on a board by means of adhesive tape. The abdominal area was 
lathered, shaved, and the residual soap washed off with 70% alcohol. On this surface, an 
area one-half inch square was marked off by four dots of tincture of iodine. Six slight 
cross-scratchings were made with a needle in the designated area. A 4 mm. wire loop filled 
with a suspension of the test organism was gently massaged into this area for one minute, 
after which the entire abdominal area was painted with the germicide to be tested. Three 
minutes were allowed for its action, after which time the designated area was asepticaily 
excised, the peritoneal cavity opened, and the piece of skin placed inside. After closure 
the exterior surface of the wound was lightly painted with tincture of iodine. The animals 
were observed for a period of seven days. In case of death they were autopsied and mi- 
croscopic and cultural examinations were made of the peritoneal exudates. The above 
procedure was not followed until control experiments had demonstrated that the animals 
would not die in and of the operative procedure itself. On each day all germicides tested 
were used on an equal number of animals to eliminate any discrepancy in the final results 
due to a possible day to day variation in either virulence or concentration of the test organ- 
ism suspension. Against each day’s quota of animals used experimentally an equal number 
of animals were subjected to all the other procedures with application of the gcrmicido 
omitted. 

Testing of germicides on non-functioning skin. A white mouse was killed and placed on 
its back on a board. After a waiting period of one-half hour, the abdomen was shaved and 
all residual soap removed with 70% alcohol. An area one inch square was indicated by 
means of four small dots of tincture of iodine. Twelve cross-scratchings were made each 
way in the designated area. The test organism suspension was then massaged onto this 
area for one minute. The entire abdominal area was then painted with the germicide to 
be tested. After a period of three minutes the skin of the designated area was asepticaily 
excised and divided into four equal pieces. Each section of skin was then inserted into 
the peritoneal cavity of another mouse under aseptic conditions, the incision closed, and 
the exterior surface painted with tincture of iodine. In this procedure, as in the preceding 
technique, on each day all germicides tested were used on an equal number of animals. 
The observation period and method of autopsy were identical with those employed in the 
forfner procedure, as was also the perfection of the technique. Against each day’s quota 
of animals used experimentally, an equal number were subjected to all the other procedures 
with application of the germicide omitted. 

Results. In these experiments attempt was made to show the killing power 
of various germicides under in vivo conditions and to obtain evidence that a 
diffusion by the germicide through the disrupted surface tissues occurs. The 
scratching of the skin was for the purpose of presenting a substrate upon which 
this later action could occur. The time of three minutes which was given to the 
germicide to act upon the organisms and effect sterilization, is at least as long 
as is given in usual clinical procedures. 

Table 1 shows the relative values of the four germicides tested. It will be 
noticed that all of the control animals died. At autopsy the peritonea! exudates 
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of all dead animals contained large numbers of gram positive hemolytic strep- 
tococci. Tincture of iodine offered the best protection against infection by- 
saving 24 out of 25 animals. Cetylpyridinium chloride was next in value, 
protecting 14 out of 25 animals. Sodium ethyl-mercury thiosalicylate followed 
by saving 12 of the 25 animals, while hexylrcsorcinol saved but 9 out of 25 
animals. The germicidal action of the alcohol-acetone tincture used in sodium 
ethyl-mercury thiosalicylate and cetylpyridinium chloride, was also tested 
against a series of animals and gave protection below either of these two sub- 
stances. Many clinicans object to the use of tincture of iodine in surgery be- 

TABLE 1 


The germicidal action of various substances in the presence of functioning tissue 


QUKSCIDS 

NUMSEK 

TESTED 

NO. or ANIMALS LIVING IN X DAVS 

i 1 

2 

3 i 

4 i 

S 1 

6 

1 

Iodine (tinct.) .... . . 

25 

24 

24 

24 

24 

24 

24 : 

24 

Sodium ethyl-mercury thiosalicylate (1:1000 









tinct.) . . 

25 

13 

13 

12 

12 

12 

12 

12 

Hexylresorcinol (1:1000 sola ). 

25 

20 

18 

14 

10 

9 

0 

0 

Cetylpyridinium chloride (1:200 tinct.) 

25 

18 

16 

15 

14 

14 

14 ■ 

U 

Control 

25 | 

1 

0 

0 

0 

0 | 


0 


Autopsy: Positive. Hemolytic streptococci found in peritoneal exudate of all dead 
animals. 


TABLE 2 


The germicidal action of various substances in Ike presence of non-functioning tissue 


CE SUICIDE 

NT7UBE* 

TESTED 

N 

O. or ANIMALS LIVING IN 

X DAIS 

1 I 

2 1 

3 1 

* 1 

3 I 

6 1 

7 

Iodine (tinct.). 

24 

22 

22 

21 ' 

21 

21 

21 

21 

Sodium ethyl-mercury thiosalicylate (1:1000 









tinct.) 

24 

17 

13 

11 i 

11 

9 

9 

9 

Hexylresorcinol (1:1000 soln.) 

24 

11 

10 

10 

9 . 

8 

8 

8 

Cetylpyridinium chloride (1:200 tinct.) 

24 

14 

12 . 

12 

11 i 

11 , 

11 

11 

Control . 

24 

0 

0 

0 

_u 

0 

0 

0 


Autopsy: Positive. Hemolytic streptococci found in peritoneal exudate of all dead 
animals. 


cause of fumes, skin sensitivity, and color (5). Also, there are certain uses for 
germicides in which tincture of iodine is unsatisfactory for obvious reasons. It 
is in such cases that some less irritating preparation is desired. Therefore rep- 
resentatives of three widely used types of compounds, known to be less irritating, 
were employed, and tincture of iodine used for comparison. 

Comparison of table 2 with table 1 presents a quite different picture. In the 
former, the germicidal action was on bacteria in the presence of tissue that had 
apparently ceased to function. The relative efficiencies of the four germicides 
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were the same as in the previous test, but the , actual efficiencies were definitely 
lower although hexylresoreinol was about as effective in both cases. However, 
its efficiency was hardly high enough to make a comparison of definite value in 
either case. It appears therefore that there was some difference in the action 
in experiments 1 and 2 and it seems possible that whether or not the skin was in 
a state of normal function was the determining factor. Colebrook (3) found that 
hemolytic streptococci are rapidly killed on the skin of the normal hand. Three 
minutes after swabbing a finger lightly with a broth culture— by which time the 
skin was apparently dry — 30,000,000 cocci could be recovered by thorough 
swabbing with sterile broth. One hour later, 1,700,000 viable cocci could be 
recovered, and two hours later, 7,000 cocci. Control experiments eliminated 
desiccation as the cause of this reduction. Similar observations were made 
with Proteus vulgaris, Friedlander’s pneumobacillus, and Escherichia coli. Arnold, 
et al. (1), have shown that the dead skin, tested on cadavers within 15 minutes of 
death, had lost most of its bactericidal action. 

In toxicological studies made by Warren et al. (2)cetylpyridinium chloride was 
shown to exhibit its highest toxicity when administered by the intraperitoneal 
route. Since our procedure risked the intraperitoneal introduction of a con- 
siderable amount of cetylpyridinium chloride on the inserted piece of skin, ft 
was desired to determine if a sufficient amount might be introduced in the ex- 
perimental procedure to cause toxic symptoms and possible death. Therefore 
the procedure was carried out using the cetylpyridinium chloride generously and 
> omitting the test organisms. In the nine animals so tested, none exhibited the 

\ t typical curare effect or other signs of discomfort, and therefore, it was concluded 

that a toxic quantity of cetylpyridinium chloride was not being introduced. 


SUMMARY AND CONCLUSIONS 

1. Several germicidal substances have been tested by a method giving actual 
in vivo conditions. This method is believed to be more reliable in determining 
the comparable germicidal efficiencies than is an in vitro method. 

2. Cetylpyridinium chloride has been shown to be non-toxic when used in 
this test. 

3. Representatives of four widely used classes of germicidal compounds have 
been tested. Tincture of iodine proved to be very high in germicidal efficiency 
when evaluated by this method. In tests conducted on a group of non-irritating 
germicidal compounds, a quaternary ammonium compound, cetylpyridinium 
chloride, showed the highest relative efficiency. Sodium ethyl-mercury thio- 
salicylate and hexylresoreinol followed in effectiveness in the order given. 

4. Evidence has been advanced to support the theory that the skin has a 
definite bactericidal power which it may exert along with chemicals so that the 
two together may overcome a bacterial invasion or infection that neither the 
skin alone nor the germicide alone were able to do in the experimental work. 
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Because of the increasing interest in the production of experimental shock 
by such methods as traumatization of muscle and implantation of tissue in the 
peritoneal cavity, \vc decided to study the pharmacologic effects of some of 
the various compounds which might be liberated in such procedures. Flossner 
(3) and du Vigneaud and Behrens (2) noticed some pertinent circulatory effects 
following intravenous injection of aqueous muscle extracts into intact animals, 
including lowering of blood pressure and bradycardia. 

Due to the difficulty in analyzing for the multitudinous substances liberated 
from traumatized or autolyzing muscle, we chose to use a commercial aqueous 
extract of beef muscle, since considerable information concerning its chemical 
constituents was available by courtesy of the company's chemists. It may be 
assumed that at least some of the constituents of this extract are found also in 
fresh extracts of muscle. Moreover, such a standard preparation is readily avail- 
able. The extract used (Valentine's Meat Extract) is made by extracting beef 
muscle with hot water and concentrating it in vacuo. It contains only a trace 
of hcat-coagulable protein. 

Methods The isolated frog heart preparation perfused thiough the sinus venosus under 
constant pressure was used, as described by Spcalman (7). Because of the high concen- 
tration of potassium in this extract (0 728 M), it was necessary to use Iv-frcc Ringer’s in 
making the various dilutions used, except when such low concentrations of extract were 
employed that insufficient IC would be present. In such cases, 0 I % extract and below, 
sufficient KC1 was added to bring the IC content up to normal Ringer’s solution, as cal- 
culated from the K content of the extract The formula of our normal frog Ringer’s 
solution is: NaCl 0.10 M, CaCI» 0 002 M, ICC1 0 002 M, NaHCO, 0.002 M Also, since the 
pH of the extract was 5.6, the pH of the final dilution was always brought to 7 G by addition 
of NaOH, as measured with the glass electrode 

The frog heart was perfused with normul Ringer’s solution until the rate and amplitude 
of the beat was stabilized This usually required 30 to 40 minutes The experimental 
Ringer’s containing varying concentrations of meat extract was then substituted and the 
effects observed for one hour. Then normal Ringer’s was again perfused for 30 minutes, 
to redetermine normal rate and amplitude 

To obviate the tendency of friction of the heart lever on smoked paper to simulate a 
reduction in amplitude of contraction, the excursion of the lever was measured by observing 
the movement of the heart lover over a millimeter scale, and the rate was determined with 
a stop watch, as recommended by Spealman (9). These measurements were taken every 
10 minutes during the course of the entire experiment. 

Results. To our surprise, this muscle extract in proper dilution consistently 
produced a marked increase in amplitude of the beat (fig. 1) instead of the 
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weakening or slowing we had expected. This positive inotropic effect was 
maintained as long as the extract was perfused, the experiments sometimes 
lasting for 90 minutes. Fig. 2 illustrates in graph form typical results of an 
experiment in which an 0.4% extract dilution was used. We therefore dropped 
the original purpose of this investigation in favor of determining the nature of 
this stimulating substance. 



Fig 1. Effects of Meat Extract is K-free Ringer (0.4%) os the Perfused Frog Heart 
A-B. Last 3 minutes of a 30 minute perfusion with Ringer. 

B. Perfusion fluid changed to meat extract in K-free Ringer (0.4%). 

B-C. First 5 minutes of perfusion with extract dilution. 

C. No recording fdr 10 minutes. 

C-D. Two minutes recording. 

D. No recording for 10 minutes. 

E. End of 30 minutes perfusion with extract dilution. Ringer substituted for 

extract dilution. 

E-F. First 4 minutes perfusion with Ringer. 

F. Ten minutes no recording. 



' v a> <*> t * 1 *cv & 

Fig. 2. Effect of Perfusing a 0.40% Meat Extract (m.e.) Solution on the Rate and 
Amplitude of Contraction of an Isolated Frog Heart 
The arrows indicate the beginning and the end of meat extract perfusion 

Table 1 shows the results obtained by perfusing the frog heart with various 
dilutions of meat extract, and indicates that dilutions in Ringer’s ranging from 
0.50 to 0.05% exert a positive inotropic effect. Stoppage of the heart in diastole 
in the stronger concentrations is probably due to the unavoidable excess Iv of 
the extract. The use of K-free Ringer’s as diluent for concentrations below 
0.1% extract also resulted in stopping of the heart, probably due to lack of 
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sufficient K. Spealman (9), who has used this technic and has determined the 
approximate limiting physiologic concentrations of K for the frog’s heart to be 
4 X 10~* M to 1.0 X 10~ 3 M, has made similar observations. Within these 
limits, K does not appreciably affect the amplitude of contraction (5), 

Since there was often a slight change in rate of the heart, usually a slowing, 
which might of itself alter the amplitude of contraction, several of the effective 
concentrations of meat extract were tested on perfused hearts driven at the 
constant rate of 40 per minute by electrical stimulation. This procedure did 
not affect the positive inotropic effect of the extract. 

In order to determine whether this effect could be obtained in the mammalian 
heart, similar dilutions in K-free mammalian Ringer’s were tested by the method 
of Spealman (9) on several isolated guinea pig atria. The results were similar 

TABLE 1 

The effect of various concentrations of meat extract on the isolated frog heart 


Potassium was added to the solutions marked* to bring the concentration of this ion 
into the physiologic range. M S” indicates stopping of the heart, usually within 10 minutes. 
"O" indicates no change. 




AUPL 1 TVP 5 

CHA.NCt 


BBS 


u. per iOO U. 

ter cent 

Per tent 

cc. per 100 ee. 

pet u%l 

per cent 

1.00 

s 

s 

0 29 

-27 

+43 

0.67 

s 

s 

0.22 

—7 

+20 

0.67 

s 

s 

0.20 

-10 

+11 

0.56 

s 

s 

0.10 

-5 

+10 

0.56 

+2 

+50 

* 0.10 

0 

+32 

• 0 50 

-9 

+67 

* 0.05 

+12 

+7 

0.40 

-7 

+63 

* 0.05 

0 

+22 

0 40 

0 

+55 

* 0.02 

0 

0 

0 40 

+7 

+56 

* 0.02 

0 

0 

0.40 

-12 

+44 





to those obtained in the frog heart, a positive inotropic effect always being 
obtained. 

Experiments were then undertaken to determine the nature of the substance 
producing this positive inotropic effect. Table 2 summarizes the results. 
Dialysis was performed by placing 4 cc. of the meat extract in a segment of 
cellophane tubing (Visking sausage casing) and suspending it in 400 cc. dis- 
tilled water for 12 hours at room temperature, with gentle stirring. The fluids 
inside and outside of the tube were diluted to 1:250 for testing, assuming that 
each contained 4 cc. of extract. Iv-free Ringer was used to dilute the outside 
solution since K is freely dialyzable, while normal Ringer v’as used for the solu- 
tion inside. Table 2 shows that this active substance was easily demonstrated 
in the water outside the tube and to a much less degree inside, indicating that it 
is dialyzable. 

Electrolysis was performed by placing 5 cc. of meat extract in a U-tube and 
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employing platinum electrodes immersed in saline, 7 cm. apart, through which 
a 5 to 7 volt current was passed at 1 to 2 milliamperes over a period of about 20 
hours. The liquid about each electrode was then drawn off and tested on the 
heart in the usual way. K-free Ringer was used to dilute the cathode solution 
because of accumulation of K, and normal Ringer was used for the anode solu- 
tion. The pH was adjusted in each case. As table 2 shows, the active sub- 
stance went to the anode when the extract was at pH 5.6, indicating that it 
was negatively charged at this pH. To determine if this charge could be re- 
versed by lowering the pH, electrolysis was carried out at pH 2. The active 
substance did not appear at either pole at this pH. However, a substance hav- 

TABLE 2 


Properties of the active fraction of meat extract 
“0” indicates no change. Each set of rate and amplitude values was obtained on a 
separate frog heart. For further explanation see text. 


SOLUTION STUDIED 

SATE 

CHANGE 

AMPLITUDE 

CHANGE 

SOLUTION STUDIED 

SATE 

CHANGE 

AMPLITUDE 

CHANCE 


per cent 

per cent 


per cent 

Per cent 

Dialyzed fraction 

+4 

+56 

Cath. sol. (pH 2.0) 

+12 

0 


-40 

+23 


+7 

-21 


0 

+41 | 


0 

-20 

Non-dialyzable fraction 

+25 

0 

Alcohol sol. fraction 

+6 

+69 


-4 

+5 





0 

+15 




Anode sol. (pH 5.6) 

0 

+22 

Ale. resld. fraction 

-47 

+22 


+ 14 

+30 


| 0 

, +57 


+18 

+25 




Cath. sol. (pH 5.6) 

-26 

0 

Ether sol. fraction 

+10 

0 


+21 

-11 


+21 

-6 


+13 

+33 

: 



Anode sol. (pH 2.0) 

0 

0 

Ether resid. fraction 

+ 11 

+41 

0 

0 


+7 

+ 19 


0 

0 





ing negative inotropic properties appeared at the cathode, which may have 
masked the presence of the other substance. 

To determine the alcohol and ether solubility of this substance, alcohol was 
added to the extract to make a 70% alcohol solution. The insoluble materia! 
was centrifuged off and dissolved in normal Ringer’s to form the alcohol-residue 
fraction. The alcohol was boiled from the supernatant fluid at 95°C., and the 
remainder was then made up to volume with K-free Ringer to form the alcohol- 
soluble fraction. Table 2 indicates the presence of the active substance in both 
alcohol-soluble and alcohol-residue fractions, indicating some solubility in 70% 
alcohol and stability at 95°C. 
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Ether solubility was tested by shaking the extract with ether and testing the 
two layers, after removing the ether by evaporation and making up to volume 
with normal or K-free Ringer as indicated. Table 2 shows that this substance 
is insoluble in ether. 

With these data concerning the behavior of the active ingredient, a number of 
pure compounds reported to be in this meat extract, and having somewhat 
similar chemical properties, were dissolved in Ringer and tested separately on 
the isolated frog heart. These substances were: histamine, adenine, xanthine, 
guanine, uracil, d-arginine, methyl guanidine, creatine, and creatinine. They 
were tested in concentrations between 0.0001% and 0.10%. Other substances 
such as hypoxanthine and carnosine were not tested, due to lack of information 
concerning their presence in this extract. The only ones of this series having a 
similar effect on amplitude in the concentrations tested were guanidine and 
creatine. 


TABLE 3 

The effect of creatine on the isolated frog heart 


heabt 

NVMBEB 

CXEATINE 

CONC. 

BATE 

CHANCE 

AMPLITUDE 

CHANCE 

BE MAXES 

1 1 

per 300 
a. 

0.10 

pu cent 

0 1 

per cent 

+20 

Response delayed 30 min. 

2 

0.10 

+7 

0 

Depression, followed by rise 

3 

0 0008 

0 

+25 

Response delayed 30 min. 

3 

0.0025 

4-18 

+50 

Immediate response, but same heart as above 

4 

0.0022 

0 

+26 

Delayed for 20 min. 

5 

0.0020 

-6 

+15 

Delayed for 30 min. 

6 

0 0020 

0 

0 ! 

No response 

7 

0.0100 


+33 

Electrically paced at rate of 40 per min. 

8 

0.0100 


0 

Electrically paced at rate of 40 per min. 

9 

0.0020 


+21 

Electrically paced at rate of 40 per min. 

10 

0.0020 ; 


0 

Electrically paced at rate of 40 per min. 


Since guanidine is present in but very small quantities in this extract, it was 
not considered further. However, the extract does contain 1.02 gm. creatinine 
and 0.79 gm. creatine per 100 gm. extract. Backman (1) found a positive 
inotropic effect of creatine on the isolated rabbit heart, and Shapiro (6) has 
demonstrated a similar action of both creatine and creatinine on perfused toad, 
rabbit and cat hearts, although both used higher concentrations (0.1-O.2%) 
than could be present in our effective extract dilutions. Since we found crea- 
tinine ineffective in concentrations in which it is present in the dilutions of 
extract used, we believe that creatinine is not the important factor in meat 
extract. 

However, table 3 shows that creatine, in most of the hearts tested, has a 
definite positive effect on amplitude, although somewhat less than the extract, 
between concentrations of 0.0008% and 0.1%. Sometimes, however, this 
effect of creatine is delayed for as long as 30 minutes, a phenomenon we have 
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never observed when using meat extract. It is of interest that the lower effec- 
tive concentrations approach the concentration of creatine in human blood (3 
to 7 mg. per 100 cc.). 

From the effective concentrations of extract in table 1, it appears that the 
amounts of creatine present were adequate to explain in part their inotropic 
effect. For example, the 0.1% extract dilution, which is distinctly effective on 
the heart, would contain about 0.0008% creatine, which can be effective alone. 
Moreover, the chemical properties of this active substance resemble those of 
creatine. As further evidence that creatine may be concerned, autoclaving 
the extract at pH 2 for 30 minutes under 15 lb. pressure, destroys its activity 
completely. Such treatment should change all the creatine to creatinine (4). 
The differences between the effects of the extract and of creatine may be due to 
the additive effect of the other compounds in the extract, in concentrations 
which are below threshold when tested singly. 

CONCLUSIONS 

A commercial meat extract, diluted with normal or K-free Ringer and with 
pH adjusted, has a marked positive inotropic effect upon the isolated perfused 
frog heart and on the guinea pig atrium. The active substance is soluble in 
water and 70% alcohol,, is ether insoluble, moves to the anode at pH 5.6, is 
stable at 95°C., but is destroyed by autoclaving at pH 2. Of the several known 
substances in meat extract tested, creatine resembles this most closely, since in 
similar concentrations it has a positive although sometimes delayed inotropic 
effect on most of the hearts tested, has similar chemical behavior, and is present 
in the meat extract in concentration adequate to explain in large part this 
pharmacologic effect. The inotropic effect of creatine is often demonstrable in 
concentrations approaching those in human blood. 

We are indebted to Dr. W. A. Peabody of the Valentine Meat Juice Com- 
pany for the K analyses and information concerning the ingredients of the meat 
extract used, as well as for the supply of extract. 
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Curtis (1), in 1929, reported some work of a preliminary nature on the action 
of a number of tertiary amines related to ephedrine. The object of his investi- 
gation was to determine whether these new compounds were more suitable for 
therapeutic purposes than Z-ephedrine. Later Pak and Read (2, 3) carried out 
extensive work with Z-ALmethylephcdrine and compared its action with that of 
Z-ephedrine. From their results they concluded that methylation of Z-ephedrine 
diminishes many of the actions of this compound but that the effect on the 
bronchioles is about the same in degree although somewhat slower. 

In the present paper a study of the effect of ethylating Z-ephcdrine is reported. 

Chemical and physicxl properties The I-.V-ethylephcdrine used in the following 
experiments was synthesized in this laboratory. Although the Icvo and racemic forma were 
prepared, only the results obtained with the levo form are reported. 

f-N-Ethylephedrine hydrochloride, a tertiary amine known chemically as levo*/ -phenyl - 
2-methylethylaminopropan-/-ol hydrochloride, is a white crystalline, odorless compound. 
Its solubility is 70 grams per 100 cc in water and 14.1 grams per 100 cc. in ethyl alcohol. 
The molecular weight is 229 5 and the melting point 183-184°C This compound is very 
stable and solutions of it arc not decomposed following exposure to light and air 

Results of Experimental Studies. In these studies the hydrochlorides 
of the various compounds were used. Unless otherwise stated all doses were 
calculated as mgm. per kgm. 

Toxicity. Two types of tests were conducted to determine the toxicity of 
Z-Y-ethylephedrine — one to determine the acute toxic effects, and the other to 
observe the effect of prolonged administration of large doses. In both instances 
observations were made following oral and intravenous administration of the 
compound. 

Rabbits were used as the test animal in the acute toxicity studies. All in- 
travenous injections were made into the marginal ear vein at the rate of 50 
mgm. per minute. In the oral toxicity studies a 10% solution was adminis- 
tered by stomach tube. Lethal or slightly less than lethal doses of Z-iV-cthyl- 
ephedrine produced definite symptoms; an increase in the respiratory rate, an 
increase in the pulse rate and blood pressure, and some mydriasis and clonic 
convulsions. The animals either died during the convulsion or passed into a 

1 1-.V-Ethylephcdnnc Hydrochloride (“Nctharmne" brand) produced by The Wm. S. 
Merrell Company. 

* Presented before the American Society for Pharmacology and Experimental Thera- 
peutics, Inc , Chicago Meeting, April, 1941, (This Journal, 72: 3, 44, 1941). 
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period of depression from which they either rapidly recovered or died. Death 
was due to respiratory and cardiac failure. Animals which received sublethal 
doses recovered without any complications. Similar symptoms were obtained 
in some simultaneous toxicity studies with Z-ephedrine. 

The results presented in table 1 show that Z-iV-ethylephedrine administered 
intravenously killed one out of 12 rabbits at a dosage level of 50 mgm. and 
approximately 50% at a dosage level of 65 mgm. In similar studies with Z- 
ephedrine it was found that one out of 12 rabbits died at a dosage level of 55 mgm. 
The rate of injection in this series of tests was the same as that with Z-iV-ethyl- 
ephedrine. Orally Z-iV-ethylephedrine was tolerated in large amounts as 
shown in table 2. The acute toxic effects as well as the M.L.D. of Z-ZV-ethyl- 
ephedrine and Z-ephedrine are, therefore, very much the same. 

TABLE 1 

Acute intravenous toxicity — rabbits 


dose: ucu./kcsi. 



45 

50 

55 

60 

65 


0 

1 

9 

3 

5 

Number of animals injected 

* 

12 

12 

12 

12 


TABLE 2 


Acute oral toxicity — rabbits 



DOSE: UGU./KGU. 


■Si 

| 550 ; 

1 s6 ° i 

| 570 

Number of animals dead 

SB 

mm 

■■ 

SI' 

Number of animals injected . . .. 

MSm 

mm 


m 


The effect of prolonged administration of large amounts of Z-iV-ethylephedrine 
was also studied in rabbits. The animals were divided into the following 
groups: controls; a group receiving the compound in a daily dose of 25 mgm. 
administered intravenously; another, receiving this same amount orally; and a 
fourth, receiving a daily oral dose of 50 mgm. All the dosages in these tests 
were calculated on the basis of the weight of the animals at the beginning of the 
test period. Regardless of the mode of administration or of the dose, the ani- 
mals received the compound daily for a period of four weeks. At the end of 
this time one-half of the animals in each group were sacrificed and autopsied. 
Tissues were kept for histological study. Two weeks after cessation of drug 
administration the remainder of the animals were killed and observations made 
as before. Weight records which were kept throughout the test period showed 
that practically all the animals gained weight. 

Gross and microscopical examination of the tissue revealed no pathological 
changes which could be attributed to the administration of the compound. 
The rabbits in the group receiving 25 mgm. daily of Z-iV-ethylephedrine ad- 
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ministered intravenously actually received one-half a lethal dose daily or a total 
of 14 lethal doses throughout the test period. On the basis of these tests it may 
be concluded that in rabbits the daily administration of Z-iV-ethylephedrine in 
the above doses for a period of 4 weeks did not produce any tissue injury. 

Effect on the Circulatory System. Z-2V-Ethylephedrine produced a characteris- 
tic effect on the circulatory system. This effect was qualitatively similar to 
that produced by I-cphedrine but differed quantitatively. J-iV-Ethylephedrine, 
1 mgm., administered intravenously to barbitalized dogs produced an 8 to 10 
mm. mercury rise in blood pressure. This rise was equal to about one-half of 
that produced by a similar amount of Z-iY-methylephedrine and about one-tenth 
to one-fifteenth of that produced by a similar amount of f-ephedrine. 

Since subsequent injections of any of these three compounds produce a de- 
creasing effect it was difficult to obtain accurate comparative results of their 
pressor actions. A series of tests were therefore made in which the pressor 
action of each compound was compared with that of epinephrine hydrochloride. 
The method was essentially the same as that described by Chen (4). Pithed 
dogs were used and the blood pressure was recorded from the right common 
carotid. An average of the results indicates that 1 mgm. of 2-ephedrine pro- 
duced a rise in blood pressure 10 times greater than a similar amount of Z-iY- 
ethylephedrine and that Z-Y-methylephedrine produced a rise one-half as great 
as that produced by a similar amount of Z-ephedrinc, and five times as great as a 
similar amount of 2-AT-ethylephedrine. The results obtained with Z-Y-methyl- 
ephedrine agree with those reported by Pak and Read (2). Characteristic 
results are presented in figure 1. If the amount of Z-iV-ethylephcdrine was in- 
creased to 5 mgm. then the rise in blood pressure was equal to about one-half 
of that elicited by a similar amount of 2-ephedrine. 

The effect of Z-iV-ethylephedrine on the peripheral circulation was determined 
in frogs and dogs. The results of perfusion experiments on frogs indicated that 
it produced very little vasoconstriction. A few experiments were run on dogs 
using a nasal plethysmograph. Again there was very little indication of vaso- 
constriction of the nasal mucosa. 

The effect of 2-A r -ethyIephedrine on the pulse rate was determined in dogs. 
In the normal dog an intravenous dose of 1 mgm. of the compound produced no 
significant changes in the pulse rate. When the amount was increased to 5 
mgm., a dose which produces a more marked rise in the blood pressure, there 
was a simultaneous decrease in the pulse rate which was of central origin since 
it was prevented with atropine sulfate. 

In further tests the effect on the amplitude of cardiac contractions was de- 
termined. For these experiments dogs were anesthetized with morphine sul- 
fate followed by chlorobutanol. Heart tracings were obtained with a myo- 
cardiograpli. The results indicated that the amplitude was slightly increased. 
In further tests an attempt was made to determine the site of action of l-N- 
cthylephedrine on the heart of dogs. Typical results are presented in figure 2. 
It is apparent that this compound stimulated the heart through the stellate 
ganglia and also at the peripheral nerve endings. 
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Effect on Respiration. The effect of f-A r -ethylephedrine on respiration was 
determined on normal dogs. Doses of 1 mgm. administered intravenously to 
these animals produced an increase in the depth of respiration but had little or 
no effect on the rate. If the amount was increased to 5 mgm. there still was no 
consistent or significant change in the rate. The depth of respiration again was 
increased at this dosage level. 

Effect on the Bronchioles. Experiments were conducted to determine the 
effect of WV-ethylephedrine on the bronchioles. The method of SoIImann 
and Von Oettingen (5) was employed in some preliminary tests using rabbit, 
cat and guinea pig lungs. The results indicated that AiV-ethylephedrine pro- 
duced as great a bronchial dilatation as 2-ephedrine. 


flenAife DoG-VUicHr-lnsA. 
■p£HfO-rH RU -T| f H £ D 


ftnAU Dog- W eitu!, Inert. 
TeirtoTHRL-ViTuto 


.mjirnjinimnmnnjjmnmiin] 

1’mtaiscc.vlnirt. InfCKOAlS 


Tmt »5'stc.»lnirt.lKTtRjftLS 



Base Liiu 

ffiitcriuinE Hci jyjTWTOTTl^Sfl 

M.« x„ OB .jKort 

i/wo.ocoBol. 


"BASt lint, 

tfmtfHMAE «'«. I Ewtoitme HCt. 
I.S<c t<< 0-5ti. 

;// 00,000 Sot. 


InonjKCrt. 


Fig. 1 . Blood Pressure in Pithed Dogs 

The pressor effect of i-iV-ethylephedrine or 1-ephedrine compared with that elicited by 
.pinephrine hydrochloride. 1-iV-Ethylephcdrine (left tracing) 1 mgm./kgm. equivalent 
to 0.0001-t mgm./kgm. of epinephrine hydrochloride and i-ephedrine (right tracing) 1 
mgm./kgm. equivalent to 0.00166 mgm./kgm. epinephrine hydrochloride. 


In further studies on decerebrate dogs the bronchial action was determined 
in situ. The method for recording bronchial contractions was the aspiration 
method described by Jackson (6). After a tracing of the normal respiratory 
excursions had been obtained bronchial constriction was produced in one af 
several ways: (a) arecoline hydrobromide, total dose of 0.3 mgm., (6) ergotoxine, 
total dose of 15-30 mgm. followed by 0.5 mgm. arecoline hydrobromide, (c) 
ergotoxine followed by 0.5 mgm. pilocarpine, (d) cocaine hydrochloride, total 
dose 100 mgm., followed by arecoline hvdrobromide, and (e) histamine, 0.03 
mgm. The compounds were all administered intravenously with the exception 
of cocaine which was given subcutaneously. All of these experiments indicated 
that l-.V-ethylepliedrine had the ability to produce bronchial dilatation to the 
same degree as /-ephedrine. However, in some tests it appeared that the action 
of 1-ephedrine was of a somewhat longer duration. Typical results are presented 

in figure 3. 
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Effect on the Intestine. The effect of I-iV-ethylephedrine on isolated strips of 
rabbit jejunum was determined and compared with that elicited by I-ephedrine. 
The strips were suspended in oxygenated Locke’s solution at a constant tem- 
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Fig. 2. Site or Action— Heart 

. ne and chlocobutanol. A. applied f-iV-cthylephedrine to 

■ ■ . liplitude of heart. B. applied J-iV-ethylepbcdrine to f- 

* • . , ■ ise in amplitude. C. i-.Y-ethylcphedrine removed. D. 

.... uuin ganglia and removed at E. f-iV-ethyfephedrino applied to both 

ganglia at F and G — no effect on amplitude. H. J-iV-ctbylephcdrine removed. I. I- Tif- 
etbylephedrine, l mgm./kgm., administered intravenously— increase in amplitude of heart. 



Ftn 3 Bnnvrm.r Action in Pithed Dogs 

ichioles and blood pressure. Left tracing: Re- 
of ergotoxine and 0.5 mgm. of arecolinc hydro- 
fine a total dose of 10 mgm. of ergotoxine, 0 5 
n./kgm. of i-tV-ethylcphedrine. Right tracing: 
•a. of ergotoxine, 0.5 mgm. of arecoline hydro- 

«v b m. ui t-epneunne. 


perature of 38-39°C. Solutions of either compound in a concentration of 
1:5,000 usually produced a relaxation of normal as well as of nicotinized je- 
junum. At times there was a definite stimulation of the normal intestine. 
Typical results are presented in figure 4. If sufficient atropine was added to 
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paralyze the parasympathetic nerve fibers and a spasm of the muscle was then 
induced by BaCl 2 in either 1:2,500 or 1:5,000 solution, Z-iV-ethylephedrine pro- 
duced a marked decrease in the tonus whereas Z-ephedrine had only a very slight 
effect. In further tests muscle strips were nicotinized and a spasm was then 
induced by a 1:70,000 solution of pilocarpine. WV-Ethylephedrine in a con- 
centration of 1:5,000 again produced a marked drop in tonus. The results of 
all of these tests indicated that Z-iV-ethylephedrine usually produces a relaxa- 
tion of intestinal muscle and that this action is somewhat greater than that 
produced by similar amounts of Z-ephedrine. 

A few preliminary experiments were carried out in which the effect was stud- 
ied on the stomach in silu. The results suggest that Z-rV-ethylephedrine pro- 
duces an inhibition of gastric peristalsis but further tests will be necessary 
before any definite statement can be made. 
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Fig. 4. Comparative Effect of (-jV-Ethylephedrine and Z-Efhedmne on the Isolated 

Intestine of Rabbits 

Effect on the Uterus. Isolated strips obtained from virgin guinea pigs and 
rabbits were used. They were suspended in oxygenated Locke’s solution and 
kept at a constant temperature of 38-39°C. The effect on the uterus was com- 
pared with that elicited by Z-ephedrine and dZ-jS-phenylisopropylamine. l-N- 
Ethylephedrine in a concentration of 1:5,000 produced a marked increase in 
uterine tonus with a diminution of the individual contractions. The action 
was equal both qualitatively and quantitatively to that elicited by the same 
strength solution of dZ-d-phenylisopropylamine and greater than that produced 
by Z-ephedrine. Although 1-ephedrine did increase the tonus to about the same 
degree the individual contractions were not as completely suppressed. After 
the uterine strips were first treated with ergotoxine, Z-iV-ethylephedrine still 
produced a marked increase in tonus, whereas Z-ephedrine had no effect. Typi- 
cal results are presented in figure 5. 

Central Stimulation. The degree of central stimulation produced by l- A- 
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ethylephedrine was determined and compared with that elicited by similar 
amounts of J-ephedrine and df-jS-phenylisopropylamine. Central stimulation 
was tested by measuring the total activity of white rats by means of the method 
described by Schulte et al. (7) and also by Dille (8). Eight animals were used 
in each experiment. The temperature was kept constant at 28-29°C. and fresh 
air was circulated throughout the cabinet at all times. Male rats weighing 
from 200 to 250 grains were used. All of the compounds were given orally as a 
solution in a dosage of 50 mgm. The control animals received water by atom- 
ach tube and thus received the same mechanical treatment as the test animals. 
The results presented (figure 0) on an average, include 12 animals for each com- 
pound and 200 animals for the control values. In fig. 6 the abscissa gives the 
time in hours, the ordinate the average number of revolutions per hour. All 
tests were run for a period of 6 hours following the administration of the drug. 
It will be noted that the controls showed some increase in activity during the 
first hour. This may have been due to the handling of the animals. l-N- 



Fio. 5. Comparative Effect of l-N -E thylephedrine, I-Ephedrine, and dl-0-PHENTL- 

ISOPHOPTLAMINE ON THE ISOLATED UTERUS OF THE VlROIN GUINEA PlG 

Ethylephedrine produced little more activity than was present in the controls. 
The peak of activity was reached at the end of one hour. The animals receiving 
J-ephedrine reached their peak of activity in two hours and those receiving dl- 
0-phenylisopropylamine reached the peak in three hours. At the end of the 6- 
hour period the activity of the control animals and those receiving the l-N - 
ethylephedrine was the same, whereas the activity of the animals in the other 
two groups was still above normal. 

Effect on the Pupil. The mydriatic action of l-N-ct hylephedrine following local 
application or intravenous administration in rabbits was only one-half to one- 
third as strong as that produced by similar amounts of /-ephedrine. 

Discussion. It is well known that the effects of secondary amines are 
qualitatively analogous to those of corresponding primary amines but that 
quantitative differences exist. These differences apparently arc also carried 
over to tertiary amines, for Curtis (1) concluded that the conversion of a second- 
ary to a tertiaiy amine did not remove all of the characteristic effects of the 
secondary amines. /*A r -Ethylephedrine, a tertiary amine, differs from l- 
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ephedrine in that the hydrogen on the nitrogen atom has been replaced by an 
ethyl radical, and from l-N-ma thylephedrine in that it contains an additional 
carbon atom in one of the alkyl groups on the nitrogen. From the data given 
above it is apparent that qualitatively the action of all three of these compounds 
is very much the same but that there are quantitative differences. 

Chen el al. (9) pointed out that an increase in the number of carbon atoms on 
the alpha carbon or on the nitrogen atom or a change from a secondary to a 
tertiary amine increases the toxicity. The results of our toxicity studies indi- 
cate that Z-iV-ethylephedrine is slightly more toxic acutely than Z-ephedrine, 
though our chronic toxicity tests indicate that prolonged administration of 
Z-iV-ethylephedrine does not produce any pathological changes. Furthermore 



Fig. 6. Comparative Central Stimulant Action of Z-AT-Ethylephedrine, Z-Ephedrine, 

AND <ZZ-0-PhENYLISOPROPYLAMINE 

these experiments gave an indication that there is no tolerance development 
with this compound since an M.L.D. still killed these animals after the daily 
administration of 25 mgm. for a period of four weeks. 

In his preliminary studies on a number of tertiary amines related to Z-ephed- 
rine, Curtis (1) found that Z-iV-ethylephedrine produced a rise in blood pressure 
as great as, or greater than that elicited by similar amounts of Z-iV-methylephed- 
rine. These results do not agree with those of the present investigation. The 
difference may have been due to the presence of some unaltered Z-ephedrine in 
the sample employed by Curtis. In earlier experiments in tliis laboratory 
somewhat similar results were obtained but it was found that these samples 
contained small amounts of unreacted Z-ephedrine. 
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Chen and his coworkers (9) pointed out that when a secondary amine is 
converted to a corresponding tertiary amine there is a decrease in the pressor 
effect. They found further that if the number of carbon atoms on the alkyl 
group on cither the alpha carbon atom or the nitrogen was increased beyond 
two a depressor action became prominent. Z-iV-Ethylephedrme, a tertiary 
amine, definitely affects the blood pressure less than the secondary amine, 
Z-ephedrine. It also exerts less pressor action than Z-iV-methylephedrine and 
this may be due to the fact that one of the alkyl groups on the nitrogen atom 
of Z-A^ethylephedrine contains two carbon atoms. 

Curtis (1) found that Z-A^-ethylephedrine and Z-iV-inetbylephedrine both 
dilate the bronchioles to approximately the same extent as Z-ephedrine. Pak 
and Head (3) in some studies with Z-A T -methylephedrine found that the dilator 
effect of this compound was slightly less than that elicited by similar amounts of 
Z-ephedrine. They also found that the onset of action was somewhat slower but 
the duration of action was of the same order. Thus the results of these authors 
as well as those of the present investigation indicate that the conversion of Z- 
ephedrine to a corresponding tertiary amine does not alter significantly its 
bronchial dilator action. This action of Z-iV-ethylephedrine, like that of Z- 
ephedrine, is mostly peripheral since it is present in pithed animals. 

Tins compound appears to have a greater effect on uterine muscle than does 
Z-ephedrine and it also has a greater spasmolytic action on the isolated intestinal 
strip. This latter action agrees very well with the observation of Hauschild 
(11) who found that the conversion of a secondary to a tertiaiy amine or loading 
the nitrogen atom increased the spasmolytic action. 

The lack of central stimulant action of Z-Af-ethylephedrine fits in very well 
with the results of Schulte et al. (10). They found that the addition of a second 
methyl group to the amino group decreased this action. Hauschild (11) also 
observed that loading the nitrogen atom decreased the central stimulant action. 
In the present compound the addition of the ethyl group has apparently nullified 
the central stimulant action. 

Thus Z-AT-ethylephedrine differs from Z-ephedrine in that it is slightly more 
toxic, exerts much less pressor and central stimulant action, and elicits a some- 
what greater spasmolytic action on the isolated intestine. Like Z-ephedrine this 
compound is active following both oral and parenteral administration and both 
elicit approximately the same degree of bronchial dilatation in the experimental 
animal. Clinically Z-iV-ethylephedrine may prove useful in the treatment of 
certain types of bronchial asthma since it should produce fewer undesirable side- 
reactions. 

SUMMARY 

The toxicological and pharmacological actions of Z-Af-ethyl ephedrine have 
been described and compared with those of Z-ephedrine. 

The toxicity of this compound is of the same order as that of Z-ephedrine. 

The effect on the cardiovascular system is less than that elicited by similar 
amounts of Z-ephedrine whereas the effect on the bronchioles is approximately 
the same. 
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Z-iV-Ethylephedrine appears to have a greater effect on the' intestinal and 
uterine muscle than Z-ephedrine. 

This compound produces a minimum of central stimulation. 

An attempt has been made to correlate the pharmacological actions of Z-iV- 
ethylephedrine with its chemical structure. 
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A series of -beta-5, and 4 . pyridylalkylamines described by Walter et al. (1) 
were originally investigated with the object of ascertaining their suspected sym- 
pathomimetic activity. Pressor activity might be anticipated for these deriva- 
tives as Hartung (2), in an excellent review on epinephrine and related com- 
pounds, concluded that "The aromatic portion of the molecule need not be a 
phenyl or a substituted phenyl group. Various naphthalene and heterocyclic 
derivatives also possess pressor activity.” 

Preliminary studies on the effect of the beta-5 pyridylalkylamines on the blood 
pressure of anesthetized rabbits and cats revealed that they did not behave like 
epinephrine and related compounds but rather closely resembled histamine in 
action. Subsequent investigative efforts were directed to a study of the effect 
of these derivatives (a) on the circulatoiy and respiratory systems following 
intravenous administration in the anesthetized cat and rabbit and intraperitoneal 
administration in the guinea pig, (6) on isolated smooth muscle tissue and ( c ) 
intravenous toxicity in the rabbit. The chemical names, identification numbers 
and structural formulas of the compounds studied are listed in table 1. 

Circulatory and respiratory effects. A series of experiments were con- 
ducted to determine the effect of these compounds on the blood pressure and 
respiration of the cat and rabbit, anesthetized by intraperitoneal injection of an 
aqueous solution of urethane (1 gram per kgm.). The usual technique was 
employed to record the arterial pressure while the respiratoiy movements were 
recorded from the trachea. All of the amines investigated with the exception 
of beta-4-pyridylethyIamine dihydrochloride, beta-5, and 4 , pyridylethylamine 
IV-methochloride dihydrochlorides, produced a moderate to marked fall in blood 
pressure following intravenous administration to cats in doses of 3 to 8 mgm. In 
rabbits a pressor response was obtained when the compounds were administered 
by the same route. The depressor effect on the blood pressure of the cat was not 
altered when atropine sulfate was injected intravenously in an amount sufficient 
to inhibit vagal stimulation. Figure 1 illustrates the blood pressure effects 
obtained. 

From fig. I it may be seen that relatively large doses of the 5-pyridylalkyl- 
amines were required to approximate the depressor effect of 12 micrograms per 
kgm. of histamine phosphate injected intravenously and in this respect the 
activity of these compounds differs considerably. The effects of the depressor 
amines on the respiratory movements of the anesthetized cat were but slight 
and appeared to be secondary to the changes in blood pressure. 

There was a definite but transitory rise in blood pressure following the ad- 
ministration of beta-4-pyridylethylamme dihydrochloride and when it was given 
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after ergotaraine tartrate it produced a typical “epinephrine reversal” response. 
This amine, from its pressor response, acted like epinephrine hydrochloride but 
was far less active. Beta-5, and 4 f pyridylethylamine-iV-methochloride hydro- 
chlorides in like dosage did not influence the blood pressure and respiratory 
movements of the anesthetized cat. 

The difference in blood pressure response of the rabbit and cat brought about 
by the intravenous administration of PT-8, 9, 10 and 1 1 hydrochlorides appeared 
to be qualitatively indistinguishable from that produced by histamine. A com- 
parison of the structural formula of beta -5-pyridyIe thy lamine with that of 
histamine reveals an interesting and striking relationship. 


H 

N-i 


X- 


HC 


-CH 


N — C • CHj • CHa • NHj 
Histamine (a) 


H 

C 

s \ 

HC CH 

C— CHj.CHi-NHj 

V 

Beta-2-pyridylethylamine (6) 


^-CHjCH,NH, 

0 

Beta-4-pyridylethylamine (c) 



Fio. 1. Cat. Urethane Anesthesia. Duces Given Intravenously 

From top down— Respiration, blood pressure, zero pressure line, time in 15 seconds. 

Left to Right— 8.5 mgm. PT-8, 3 mgm. PT-11, 3 mgm. PT-9, 0 02 mgm. Histamine 
Phosphate. After 1 mgm. per kgm. Atropine Sulfate. 8.5 mgm. PT-8, 3 mgm. PT-9, 
3 mgm. PT-11, 0.02 mgm. Histamine Phosphate. 

An obvious similarity in structure exists between (a) and (6), for they differ 
only by replacement of an NH group by a HC=CH group, while (c) resembles 
an aromatic alkylamine and would be expected to have “epinephrine-like” 
activity. 
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A study was made to determine the comparative bronehio-spastie activity of 
the pyridylalkylamines in relation to histamine phosphate when injected intra- 
peritoneally to guinea pigs. Three animals were employed for each compound 
and the doses were calculated on the basis of intravenous toxicity to rabbits. 

Histamine phosphate was injected in a dose of 10 mgm. per kgm. producing the 
same type of death in each animal. Respiratory movements were slowed ap- 
proximately eight minutes after injection and became very labored at thirteen 
minutes, followed by convulsions for about three minutes, with cessation of 
respiration at the end of eighteen minutes. Respiration ceased before the heart 
stopped beating. At cessation of respiration the thoracic cavity was exposed 
for examination. It was noted that the lungs were blanched and the heart, 
though beating feebly, was very cyanotic. Similar experiments were carried 
out with PT-8, 9, 10 and 11 using doses of 300, 40, 300 and 30 mgm. per kgm. 
respectively. All of the compounds exhibited the same characteristic response 
as histamine phosphate with the exception of PT-8 which failed to show the 
characteristic blanched lung. From these results it may be said that PT-9, 10 
and 11 produce death by respiratory failure. 

The similarity in the action of these compounds and histamine phosphate upon 
peripheral vasodilation was exhibited by intradermal injection in the guinea pig. 
PT-8, 9, 10 and 11 in doses of 1 mgm. and 0.01 mgm. histamine phosphate pro- 
duced a well-defined and marked eiythematous area around the site of injection. 

An investigation of the effect of these compounds upon the circulation in the 
rabbit’s ear was made on male white New Zealand strain rabbits which were 
lightly anesthetized with ether. The compound was injected into the right 
femoral vein and the effect noted. Groups of three rabbits were used for each 
test in which 50 and 75% of the maximum tolerated doses were injected. Hista- 
mine phosphate, PT-8, 9, 10 and 11 produced slight to medium dilation of the 
ears following injection of the lower dose whereas the higher produced definite 
dilation. No increase in salivary secretion was noted in any of the animals. 

The effect of these derivatives upon the coronary circulation of the denervated 
isolated heart of the cat was studied following the technique described by Katz 
et ctl. (3). Two animals were employed for each determination. In this series 
of tests aqueous solutions were prepared from the crystalline pyridylalkylamine 
dihydrochlorides. When it was necessary to inject highly concentrated solu- 
tions, as in the case of PT-10, neutralization of the dihydrochloride to the mono- 
hydrochloride was required to avoid a spurious vaso-constrictor effect produced 
by the acidity of the solution. Aqueous solutions thus prepared had a pH of 6. 
Histamine phosphate was used as a control and the amounts of the amine salts 
injected were, in general, proportionate to their intravenous lethal doses in the 
rabbit. The volume of the solution injected into the rubber tubing leading to 
the aorta was not less than 0.5 cc. nor more than 0.75 ec. The solution was 
administered instantaneously, whereas Katz et al. gave their injections at a con- 
stant rate over a period of one minute or less. It was found by experiment t iia 
the more rapid rate of injection of the volumes indicated above did not sig 
nificantly alter the response. 
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From the results obtained and partially illustrated in table 2 it may be con- 
cluded that these compounds either dilate the coronaries or produce no change in 
their function and do not produce vaso-constriction. 

Isolated tissue. The depressor behavior of the beta-2-pyridyIalkyIamines 
led us to study their action on isolated strips of smooth muscle, such as the 
uterus and intestine of the guinea pig and rabbit.' With the exception of beta-i? 
and 4 pyridylalkylamine iV-methochlorides, which were inactive, all of the com- 
pounds exhibited a potent stimulating action on isolated strips of guinea pig 
uterus (fig. 2) and intestine. Table 3 shows the concentrations of the various 


TABLE 2 

Effect of amines upon rate of flow through the coronartes of isolated cat heart 


compound 

QUANTITY OF 

AVERAGE RATI 

AVERAGE RATE Or 1LOW ATTEU AMINE 

INTRODUCED 

CONTROL TOR 5 

MINUTES 

1-5 minutes 

5-10 minutes 

10-15 minutes 

15-20 

minutes 


mem. 

« /min. 

It /mm 

ft /min. 

tc /min. 

ec./min. 

PT-8 

10 

12 8 

16.1 

15.2 



PT-9 

2 

33.1 

30.1 

29.5 

30.2 


PT-10 

75 

21 5 

31.7 

33.5 

30.7 


PT-11 

2 

41.9 

43.3 

43.8 

44.9 

43.9 

Histamine 

phosphate 

1 

41.9 

53.4 

56.9 

46.9 

42.4 



Fia. 2. Guinea Piq Uterus, Isolated Strips. 100 cc. Chamber 
Left to Right— At first t each tracing, 8 X 10“* PT-8, 6 X 1(T‘ PT-9, 1.5 X 10~‘ PT-10, 
3 X 10~» PT-11 and 2 X 10~ T Histamine Phosphate. 

Second f in each tracing indicates Wash. 

Time in 15 seconds. 

active agents, in micrograms per cc., required to produce near-maximal con- 
tractions of the muscle. It will be noted that the activity of PT-9, 10 and 11 
approaches that of histamine phosphate, while PT-8 was definitely inferior. 
Too much emphasis should not be placed on the quantitative aspects of these 
values. 

While all of the beta-S-pyridylalkylamines and histamine phosphate exerted a 
stimulant effect on rabbit uterus and intestine (figs. 3 and 4), these tissues were 
far less sensitive, for doses of the compounds 5 to 27 times the size of those used 
in the guinea pig work were required to produce submaximal contractions. - 
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Ergotoxine ethanesulfonate, in the case of rabbit uterus, and atropine sulfate 
in the case of rabbit intestine, in concentrations of 1 X 10" s failed to inhibit 
the stimulant action of the amines. Following' atropine sulfate 1:1,000,000, 
PT-10, in a concentration of 1.6 X 10~* did not stimulate the isolated intestine, 
as shown in figure 4. When a greater concentration of PT-10 was in contact 
with the tissue a stimulant effect was observed and this would appear to indicate 
that the action of this compound is primarily through the parasympathetics. 

A study of the effect of the pyridylalkylamines upon the isolated white rat 
uterus was made for the purpose of determining the activity of these com- 

TABLE 3 


Concentrations of the amines producing near maximal contractions in guinea pig uterus and 
intestine ( 100 cc. chamber used) 


COMPOUND 

CONCENTRATION OT AU1NE BASE 

Guinea pig uterus 

Guinea pig intestine 


ittm./u. 

lit Jn./u. 

PT-8 

80 

6 

PT-9 

6 

2-3 

PT-10 

5 

1 

PT-11 

3 

1 

Histamine phosphate 

0.2 

0.2 


r/7v; v 


' 1 
'■>V; 


iVaW 


lA 








n, 




V 

••‘•im'i nrfhtiM i 


f 

h ...I 


■p in a Tqmt m-n Rahrit ITtertts. 100 cc. Chamber 



PT-8, Wash. 

Time in 15 Seconds. 


pounds in comparison to that of histamine phosphate. The latter compound 
in a concentration of 3 X 10" 5 produced almost complete relaxation of the 
tissue. PT-8 in a concentration of 8 X 10~ 5 produced definite stimulation of the 
tissue, whereas PT-9, 10 and 11 were ineffective in a concentration of 2 X 10'\ 
Thus, the pyridylalkylamines do not resemble histamine in their action upon 
isolated rat uterus. 

Intravenous toxicity. The intravenous toxicities of the beta-2-pyndyw - 
kylamines and histamine phosphate were determined in white New- Zealand 
strain rabbits. The data obtained are shown in detail in table 4. The Lid- 
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and the standard error were calculated according to the method of Litchfield and 
Fertig (4). 

From our observations it would appear that all of these compounds are defi- 
nitely less toxic than histamine. Most surprising to us, however, was the differ- 



Fio. 4. Isolated Rabbit Intestine. 100 cc. Chamber 

lO" 4 PT-8, Wash, 1.6 X 10" 4 PT-9, Wash, 1.0 X 10" 4 PT-10» 

1 X 10-* Atropine Sulfate, 4 X 10"‘ PT-8, Wash, 1 X 10"* 
, Wash, 1 X 10"* Atropine Sulfate, 1 6 X lO^ 4 PT-10, Wash, 
■ 10" 4 PT-11, Wash. 

Time in 15 Seconds 


TABLE 4 


compound 

CALCULATES LD-50 
AMINE BASE 

SE. 

pit SOLUTION 

PT-8 

47 9 

1 

±3.4 

5.3 

PT-9 

5 1 

±0 6 

4.7 

PT-10 

75 0 

±3.6 

5.9 

PT-11 

3 8 

±0.8 

5.8 

Histamine phosphate 

1 0 

±0 02 

4.1 


ence in toxicity between PT-9 and PT-10 which vary in chemical constitution 
only by the substitution of a methyl group for hydrogen on the carbon atom 
alpha to the methylamino group. A careful characterization of PT-10 confirmed 
the structure and purity so the lower toxicity must be ascribed to a specific 
structural difference. 
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Lethal doses of all compounds as well as histamine phosphate produced a 
bronchio-spastic death, the animals exhibiting cyanosis. The compounds when 
administered intravenously exhibited a chain of responses which may be de- 
scribed as follows. Approximately one minute after the intravenous injection 
of a lethal dose the animal developed a swaying motion and respiratory move- 
ments were labored. The intensity of this action increased until convulsions 
appeared accompanied by intermittent tremors of skeletal muscles. Death 
occurred in the majority of cases within a period of five minutes. Anim als 
surviving after doses equivalent to LD-50— 80 exhibited light intermittent con- 
vulsive movements with practically no tremors of the skeletal muscles. This 
condition persisted until the animal was able to regain movement. The average 
time of recovery was approximately 20 minutes. 

PT-8 was found to produce violent tremors of skeletal muscles in all animals 
injected. These tremors developed into mild or strong convulsions depending 
upon the dose employed but at the maximum tolerated dose convulsions were 
observed in only one animal for a period of about two minutes. 


TABLE 5 

Approximate maximum tolerated doses of amine bases administered intravenously to the rabbit 


COMPOUND 

U. T. D. 


mgm./kim. 

PT-8 

37.0 

PT-9 

2.0 

PT-10 

61.0 

PT-11 

2.0 

Histamine phosphate 

0.6 


PT-9 and 11 when injected intravenously exhibited a behavior which closely 
paralleled that observed with histamine phosphate. 

Delayed deaths were observed with PT-10. At a dose approximating the 
LD-50 two animals died 26 to 41 hours following injection while another died in 
7 days. From the time of injection until death these animals exhibited severe 
respiratory embarrassment and suffered from diarrhea. At the approximate 
LD-20 dose one animal died one to fifteen hours following injection while four 
animals receiving the same dose showed no effects. 

The approximate values for the maximum tolerated doses of histamine and the 
new derivatives are shown in table 5. 

SUMMARY AND CONCLUSIONS 

Histamine phosphate appeared to be at least one hundred times more active 
than the 2-pyridyIaikylamine hydrochlorides in depressing the blood pressure 
when administered intravenously to the anesthetized cat. The variations in 
respiratory movements observed are believed to have been secondary to the blood 
pressure changes. The pyridylethylaminev W-methochloride hydrochlorides 
were without effect on the blood pressure. Beta-4-pyridylethylamine dihydro- 
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chloride produced a pressor response similar to, but much weaker than epine- 
phrine. The fall in blood pressure produced by the £-pyridylalkylammes is 
believed due to peripheral dilation of blood vessels since we observed definite 
vasodilation of the vessels in the rabbit ear of the same side in which the cervical 
sympathetic was intact. 

A study of the £-pyridylalkyIamines, resembling histamine in action, upon 
guinea pig revealed that death was produced by respiratory failure. 

From the results obtained with the isolated denervated cat heart the 2-pyridyl- 
alkylamines either dilate the coronaries or produce no change in their function. 

The activity of PT-9, 10 and 11 upon isolated guinea pig uterus and intestine 
approaches that of histamine phosphate, while PT-8 was definitely inferior.' 
Rabbit uterus and intestine were stimulated by all of the 2-pyridylalkylamines, 
however PT-8 appeared to differ in its action on the intestine. None of the 
pyridyl alkyl amines behaved like histamine in their action upon the isolated 
white rat uterus. 

It has been shown that all of the 2-pyridylalkylamines were definitely less 
toxic than histamine when administered intravenously to the rabbit. 
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It is well known that close pharmacological correlations exist between the 
various steroid hormones. In some respects they may antagonize each other, 
while in other respects they act synergistically. The knowledge of such syner- 
gisms and antagonisms is of great importance in therapeutics as it enables the 
clinician to accentuate a desired action and at the same time prevent harmful 
side effects by treatment with suitable hormone combinations. 

In a preliminary study of this type (1) it has been shown that the testis 
atrophy produced by large doses of a folliculoid compound such as estradiol 
can be counteracted by simultaneous administration of progesterone or testos- 
terone, while other effects of estradiol, for instance its ability to cause involution 
of the thymus, are actually accentuated by concurrent treatment with these 
steroids. The object of the present investigation was to make a systematic 
V study of the effect of a great many pharmacological agents — mainly steroids — 
/on the morphological changes induced by estradiol treatment in the pituitary, 
adrenal, thymus, testis, accessory sex organs and kidneys of the rat. 

Methods. Twenty-five groups of male albino rats were used in this experimental series. 
Each group consisted of six animals having an average weight of 154-159 g. at the beginning 
of the experiment. One group served as untreated controls, while all other groups received 
150 micrograms of estradiol subcutaneously twice daily in 0.1 cc. of peanut oil, together 
with subcutaneous injections of various other compounds which were likewise administered 
bidaily in 0.1 cc. of peanut oil. This treatment was continued for 14 days. On the 15th 
day all animals were sacrificed and their organs weighed on an analytical balance after 
fixation in “Susa” solution. 

The results of our experiments are summarized in table 1 which is almost self- 
explanatory. The full systematic name of each compound is used in order to 
avoid confusion, but in all those cases in which the substance is generally re- 
ferred to by a common name the latter is also given (in italics). The melting 
point of the sample which was available to us for these experiments was deter- 
mined in our laboratory and is given in the table as an indication of the degree of 
purity of the preparation used. These melting points will also facilitate the 
identification of the compound whenever there is doubt about several pos- 
sible isomerids. In the case of rf,f-a!pha-tocopherol acetate, which is fluid at 
room temperature, as well as in the case of the brain extract and prolactin, which 
were not pure crystalline products, a melting point obviously cannot be given. 
The brain extract consisted of the petroleum-ether-soluble lipids of three ox 
brains, and was used in order to determine whether the lipids naturally occurring 
in central nervous system tissue would influence the morphogenetic actions to 
estradiol. The prolactin preparation was a technical product containing 12.5 1.U. 
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per mg. It was assayed in this connection mainly because of its recently discovered* 
direct trophic effect on the corpus lutcum cells of the ovary- The actions of 
estradiol are not influenced by such inert steroids as cholesterol or stigmasterol. 
Hence the groups receiving estradiol in combination with these sterols are ideal 
controls showing the unmodified actions of estradiol. 

It will be noted that although estradiol was always administered in the same 
dose, the other compounds were given in doses of 10 mg. per day in groups 2-18 
and at a 2 mg. daily dose level in groups 19-25. Only those compounds were 
tested at a low dose level which proved definitely effective in preventing testis 
atrophy at the dose of 10 mg. per day. Since the main object of our work was to 
study the ability of these substances to prevent testis atrophy after estradiol 
treatment both in the 10 mg. and in the 2 mg. dosage group, the compounds are 
enumerated according to descending testis-protecting potency. Average body 
and organ weights are given in each case but the maximum range (in parenthesis) 
is also mentioned. 

The body weight, which is known to diminish under the influence of estradiol 
overdosage, showed a definite decline during the experimental period in most of 
those groups in which estradiol was administered in combination with hormonally 
inactive compounds such as vitamin E (group 9), cholestenon (group 10), choles- 
terol (group 13) or stigmasterol (group 14). In other cases it remained station- 
aiy or revealed only an insignificant rise. Among all compounds examined 
androstenediol (groups 3 and 22) induced the best weight increase both in the 
10 mg. and in the 2 mg. dose. It will be recalled that, since McEuen ct at 
(2) first showed that chronic treatment with testosterone markedly stimulates 
somatic growth, both in the male and in the female rat, numerous investigators 
confirmed this action of testosterone and other testoid compounds in man, as 
well as in experimental animals (3, 4, 5). It is perhaps not without interest to 
note that androstenediol is even more potent in this respect than testosterone 
since in short-term experiments, such as the present, the latter proved prac- 
tically inactive while androstenediol exhibited a definite effect. Since the 
“male hormone” or testoid activity of androstenediol (judged by assays on the 
capon or the castrate rat) is far inferior to that of testosterone, the body growth- 
stimulating action of steroids appears to be relatively independent of their 
testoid potency. This may prove to be of clinical interest as it indicates that 
androstenediol is preferable to testosterone if maximum body growth stimulation 
is desired without too much “masculinization.” However, none of the com- 
pounds examined restored the growth rate to anything like the normal level. 

The weight of the pituitary increases under the influence of estradiol and this 
increase remains quite evident in most groups receiving tills hormone in com- 
bination with other compounds. Only methyl testosterone (group 4) and 
testosterone (group 5), at the 10 mg. dosage level, are able to inhibit this re- 
action completely. This is rather noteworthy since Clarke et al. (6) demon- 
strated that all hormonally active steroids exert a definite morphological action 
on the pituitary of gonadectomized male or female rats inasmuch as they prevent 
the development of castration changes. 

The adrenal weight is known to increase under the influence of pure ciystalline 
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(133-180) (130-170)1(10-14) 02-47) (33-01) 1(1.342-2.355) (894-1040) (23W72) (200-283) (416-701) (46-81) (U5-1T4) ($.463-1.973) 
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foiliculoid compounds (7). This increase can be inhibited by desoxycorticos- 
terone acetate, progesterone or testosterone (1, 8). The present experimental 
investigation confirms these facts but shows that comparatively high doses 
(10 mg. per day) are required to produce a definite inhibition. At this dosage 
level dehydro-fso-androsterone (group 2) also appears to show some effect, but 
desoxycorticosterone acetate (group 18) proves far superior to all other com- 
pounds investigated. 

The thymus involution caused by estradiol is perhaps somewhat inhibited by 
pregnanedione (group 12) but the great individual variation in thymus weight 
makes this finding of doubtful value. The other compounds investigated were 
inert, while methyl testosterone and testosterone actually increased this effect 
of estradiol. 

The testis atrophy caused by estradiol is most actively inhibited by ^-preg- 
nenolone (group 19) in the low dosage series, while at the 10 mg. dose level 
several of the testoid compounds are somewhat more active. This is of par- 
ticular interest since in castrate rats A 5 -pregnenolone is practically inactive as a 
testoid compound whence one may conclude that the gonad-protecting ability 
of steroids is independent of their testoid potency. It had previously been 
noted (9) that there is no close correlation between the gonad protecting activity 
of a steroid and its ability to maintain the accessory sex organs of the castrate 
male. Yet all gonad protecting substances so far observed proved to possess 
some measure of testoid activity and vice versa. The present experimental series 
revealed a testoid compound (ethinyl testosterone) which is devoid of gonad- 
protecting action and an active gonadotropic steroid (A 5 -pregnene-S(d)-ol- 
20- one) which proved inert as a testoid, when assayed on castrate rats. It 
appears justified to conclude, therefore, that? this type of gonadotropic action is 
entirely independent of testoid activity. 

It will be seen that at low dosage levels A 5 -pregnenolone is even more gonado- 
tropic than testosterone, methyl testosterone, androstenediol or dehydro- 
fso-androsterone, while at the 10 mg. dosage level A 5 -pregnenolone is less effective 
than the above compounds. The explanation of this is probably given by the 
observation of Selye and Albert (17) who found that at low dosage levels all these 
testoids cause some degree of testis involution by themselves, while A s -preg- 
nenolone does not decrease the testis size at any dose level. It will also be re- 
called that small doses of testosterone cause a testis atrophy which is not seen at 
high dose levels (11). This fact could best be explained by the assumption that 
comparatively low doses of testoids inhibit the gonadotropic hormone secretion 
of the pituitary and thus cause a secondary testis involution which, in the case 
of high doses, is over-compensated by the direct testis-stimulating effect of these 
compounds. The present findings are in accord with the previously reported 
observation (12) that A 5 -pregnenolone causes no testis, atrophy at any dose 
level and is highly effective in protecting the gonads against atrophy produced 
by various means. This implies that it can safely be employed as a testis pro- 
tecting drug without running the risk of causing testis damage at any dosage 
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level. Deoxycorticosterone acetate caused marked testis involution in itself 
when given at high dose levels (13). As was to be expected it aggravated the 
testis weight loss caused by estradiol. 

The accessory sex organs undergo atrophy under the influence of estradiol 
treatment since their maintenance is dependent upon the endocrine function of 
the testis which is greatly deranged, if not completely suppressed by foliiculoid 
compounds. Perusal of our table indicates that all hormonally inactive com- 
pounds (groups 8-14) failed to prevent this atrophy. Among hormonally ac- 
tive substances acetoxypregnenolone (group 15) and desoxycorticosterone acetate 
(group 18) proved entirely inert in this respect while all other steroids inhibited 
the involution of the accessory sex glands more or less markedly and, as was to 
be expected, the active testoids actually caused them to hypertrophy. It is 
particularly noteworthy that A‘-pregnenoIone (group 6) and progesterone (group 
7) which proved quite inactive in causing seminal vesicle enlargement in im- 
mature castrate rats (17, 14) elicited a marked hypertrophy in the present series. 
This apparent contradiction may be due to the circumstance that the above 
steroids are inactive in castrates because they have to be activated in some 
manner within the testis tissue. Another possible explanation, however, is that 
the animals of the present series proved highly sensitive to the above steroids 
merely because they were of post-pubertal age. It has been shown (10) that 
at puberty there is a sudden increase in the sensitivity of castrates to certain 
testoids while other testoid compounds are approximately equally effective in 
pre- and post-pubertal rats. Experiments are now under way to determine 
which of these two explanations is the correct one. Be this as it may, the fact 
remains that A 5 -pregnenolone and progesterone (groups 6 and 7) are markedly 
effective in stimulating the accessory sex organs under the conditions prevailing 
in these experiments, while this activity is destroyed by substitution of a hydro- 
gen at Cji by an acetoxy group which transforms these compounds into acetoxy- 
oregnenolone and desoxycorticosterone acetate (groups 15 and 18) respectively. 
It should also be emphasized that androstenediol is more potent than any other 
compound so far examined in causing hypertrophy of the preputial glands al- 
though it is less active in causing enlargement of seminal vesicles, prostates, 
epididymis and coagulating glands than the active testoids which we investi- 
gated, namely testosterone and methyl testosterone (groups 4, 5, 23 and 24). 
It appears that certain testoid compounds may preponderantly stimulate one 
or the other of the male accessory organs. A more generally known example of 
this is the fact that testosterone enlarges the seminal vesicles proportionally 
more than the prostate, while androstcrone stimulates the latter organ more than 
the former. 

The kidney enlarging or “renotropic” action of steroids has been extensively 
studied by Selye (15, 16) in intact, spayed and hypophysoctomized animals. 
It has also been demonstrated (1) that estradiol causes kidney involution. In 
confirmation of previous findings it will be seen that the kidneys of animals re- 
ceiving estradiol in combination with steroids devoid of renotropic action, show* 
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a subnormal average weight and that the best renotropic effect is exhibited by 
the most active testoids such as testosterone and methyl testosterone (grouns 4 
5, 23 and 24). ' 


SUMMARY 

The effect of various pharmacological agents (mainly steroids) on the morpho- 
logical changes induced by estradiol has been studied in the rat. The findings 
which are given in a table are not suitable for brief presentation in the form of a 
summary but the following salient facts may be mentioned: 

Among all compounds examined androstenediol proved most potent in pre- 
venting the body weight loss caused by estradiol. It also proved to have the 
greatest preputial gland stimulating effect although its testoid action — judged 
by the ability of the compound to enlarge the seminal vesicles, prostates and 
coagulating glands — is much inferior to that of other steroids in our series 
(methyl testosterone, testosterone). 

Few steroids are able to prevent the pituitary and adrenal hypertrophy 
elicited by estradiol overdosage. The most clear-cut inhibition of the hypo- 
physeal hypertrophy was obtained with high doses of testosterone and methyl 
testosterone. The adrenal weight increase was not only prevented, but actually 
reversed by desoxycorticosterone acetate. 

The thymus involution caused by estradiol is accentuated by most hormonally 
active steroids. 

Definite proof is furnished that the ability of steroids to protect the testis 
against the atrophy caused by estradiol is entirely independent of their “male 
hormone” or testoid activity. Ethinyl testosterone, though a potent testoid, 
is not gonad-protecting while the reverse is true of pregnenolone. 

The decrease in kidney weight caused by estradiol is effectively prevented only 
by highly active testoids such as testosterone and methyl testosterone. 

On the basis of examples furnished by the present experimental series it is 
emphasized that by the use of suitable steroid hormone combinations it is 
possible to accentuate certain desired effects and simultaneously inhibit some 
of the undesirable side effects of hormones thus increasing the pharmacological 
specificity of their action. 
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In recent years, aminophyllin (theophylline ethyleaediamine) has been used 
extensively in the treatment of intractable bronchial asthma, with almost uni- 
formly favorable results (1, 2, 3). This use was based on the empirical ob- 
servation that patients receiving the drug for cardiac depression experienced 
definite relief from their dyspnea. Such relief could have been the result of 
improved cardiac efficiency or of bronchodilatation due to direct depression of 
smooth muscle in the bronchi. Depression of smooth muscle by theophylline 
is known for blood vessels (4, 5) including the coronaries, dilatation of which is 
indirectly responsible for cardiac stimulation. Experimentally, however, the 
bronchial antispasmodie action of theophylline derivatives has not been demon- 
strated on bronchi in situ, and only to a limited extent on excised bronchi. 
Young and Gilbert (6), using isolated bronchial rings of rabbits according to 
Sollmann and Gilbert’s method (7), found that the direct application of amino- 
phyllin overcame the bronehoconstriction of histamine. Gilbert and Goldman 
(8) showed the same for isolated bronchial rings of young dogs, the required 
concentrations of aminophyllin being high, i.e., 1:2000 to 1:1000. Amino- 
phyllin diminished the severity of the symptoms and the mortality from 
histamine shock in guinea pigs, according to Young and Gilbert (6). None of 
these reports indicates the possible nature of the antispasmodie action of amino- 
phyllin, as to whether this is general or limited to histamine spasm, whether 
specific for aminophyllin or produced by other theophylline derivatives, and 
whether ethylenediamine, a component of the aminophyllin complex, has a 
share in the effect. Quantitative differences have been claimed by Le Roy and 
Speer (9) in the actions of theophylline derivatives on the coronary vessels. 
Although the vasodilator action appeared to be derived from the methyl- 
xanthine, the combination with other chemical substances apparently increased 
or decreased it. 

In view of the practical importance of the problem and the scanty attention 
which it has received pharmacologically, I have investigated the comparative 
actions of two theophylline derivatives and epinephrine on the bronchi in isolated 
and intact lungs. The two theophylline derivatives were aminophyllin 5 (theo- 
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phylline ethyJcnediamine) and thcocin 2 (theophylline sodium acetate), using 
doses of equi-theophylline content. The tests were made in spastic states of 
the bronchi produced by diffeicnt agents and in anaphylactic shock. The results 
obtained are summarized in this report. * 

Isolated lungs Method. The method used was essentially that described by SoIImann 
and von Oettingen (10) with the modifications introduced by Tainter, Peddcn and James 
(11). In this method the perfusion fluid enters the Iung3 through a cannula in the trachea, 
and leaves the organs through minute abrasious on the lung surface. The outflow is 
measured in cc. per minute. 

Under these conditions the bronchi at the outset are dilated. In order to test 
for bronchodijator action it is necessary to provoke bronchoco nstrictron with some drug, 
such as histamine or barium, which directly stimulates tho bronchial muscle, or with pilo- 
carpine, which stimulates indirectly through parasympathetic innervation. Thcro was 
considerable variation in the reactions of individual lungs. 

If the bronchoconstriction was too strong, the perfusion of warmed fluid was greatly 
reduced and the temperature of the lung decreased, making recovery and comparison more 
difficult. Every precaution was used to keep all conditions as constant as possible, in- 
cluding rate of initial outflow and speed of drug injection. In this way fairly accurate 
comparisons of the different bronchodilatations could be made from one set of lungs to 
another. The volumo injected each time into the rubber tubing near the tracheal cannula 
varied between 0.5 and 2 cc., and the speed of injection was from 5 to 20 seconds. 

The aminophyllin was used in 1 to 5% strengths (0.8 to 4% anhydrous theophylline) in 
0 85% sodium chloride solution, and theocin in 1 to 4.2% strength (0 6 to 2 5% anhydrous 
theophylline). The dosage of both theophylline derivatives used m isolated and intact 
lungs was expressed in mgm. of anhydrous theophylline throughout. Forty-nine lungs 
were perfused in as many experiments, but only one bronchoconstrictor drug was injected 
in each pair of lungs Figure 1 illustrates typical reactions of perfused bronchi of untreated 
and anaphylactic Iung3 to bronchoconstriclors and to the theophylline derivatives and 
epinephrine. 

Untreated lungs. Aminophyllin and thcocin, in doses of 3.2 to 32 mg., always 
produced an increase in the outflow. This increase varied between 5 and 120% 
of the outflow per minute before the injection. The greatest bronchodilatation 
was observed in those lungs which showed a progressive bronchoconstriction 
soon after perfusion was started. In G to 10 minutes after the injection of the 
theophylline derivatives the outflow was re-established at a higher and more 
constant level. When this level was reached and maintained, the further effect 
of the theophylline derivatives was less conspicuous. Sometimes the same 
dose of aminophyllin or theoein pioduced different degrees of dilatation. 
Usually the effect was greater at the beginning of the perfusion, the net result 
being that aminophyllin and theocin showed practically the same bronchodilator 
efficiency (fig. 1). 

Histamine bronchoconslndion. When histamine acid phosphate (1:5000 to 
1:10,000 in 0.85% sodium chloride solution) in doses of 0.02 to 0.125 mg. was 
injected, a rapid and intense diminution in outflow occurred, which in some lungs 
w'as nearly 100%. In these lungs the circulation of fluid was almost negligible, 
with no possibility of a rapid removal of the bronchoconstrictor poison spon- 
taneously, or by the action of a bronchodilator like aminophyllin or epinephrine. 
The constriction lasted too long (25 to 30 minutes) and afterwards recovery 
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was incomplete and sensitivity to the drugs greatly reduced. There was much 
individual variation in these histamine reactions, but in a given lung preparation 
the responses to the same dose of histamine, injected at the same speed, were 
comparable within narrow limits. 

In order to observe the bronchodilator efficiency of the theophylline deriva 
tives, the following standard procedure was adopted: ( 1 ) injection of a broncho 



Fig. 1. Typical. Bronchial Tonus Changes in Isolated Guinea Pig Lungs 
Abscissa: Time in pr-'"' 4 '’ n( tn minutes. Ordinate: rate of outflow in cc. per minute. 
The doses of drugs and . ‘ the figure. A = Aminophyllin 

and T = Theocin, each ^ . ; H = Histamine; HS = horse 

serum; ED = Ethylenediamine hydrochloride. Untreated lungs (Exp. 8): Bronchocon- 
constriction due to ethylenediamine and bronchodilatation due to aminophyllin. ,lna- 
phylactic shock (Exp. 21): Prevention of bronchospasm, and bronchodilatation, following a 
mixture of antigen and aminophyllin ■ ’ ’ - of aminophyllin; recovery 

time, 20 minutes; bronchoconstriction • alone. Relief of the con- 
striction by theocin. Barium (Exp. 10,. of barium relieved by ami- 

nophyllin and theocin. Histamine (Exp. I s - a records at left): First, bronchoconstriction 
after QM mg. histamine alone; second, ] ted in 

mixtures with epinephrine or aminopliyl' with 

aminophyllin in repeated doses. Exp. 4-1 after 

0.06 mg. histamine alone; second, incomph . ixturc 

with 0.05 mg. epinephrine, and third, failure to proven* 5 mg. 

aminophyllin. 


constrictor dose of histamine with a reduction in outflow of 35 to 75%; (2) a 
period of recovery; (S) injection of the same dose of histamine plus a dose of 
aminophyllin or theocin. In nearly all lungs an antagonism between histamine 
and the theophylline derivative was demonstrated. The result was either a 
reduction of the histamine constriction (smaller decrease in the outflow-), or 
abolition of the histamine effect (outflow- remaining constant), or bronehodilata- 
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tion, that is, a predominance of the theophylline effect. Sometimes, when the two 
antagonistic drugs were injected, the immediate effect observed was a moderate 
increase in the outflow following by a slow' decrease, which was, however, smaller 
than the effect of the same dose of histamine injected alone. 

Both theophylline derivatives were equally effective in antagonizing the 
bronchoconstriction of histamine, taking into account the sensitivity of the 
method. For example, in Experiment 33, 37.5 mg. of aminophyllin (30 mg. 
anhydrous theophylline) and 50 mg. of theocin (30 mg. anhydrous theophylline) 
completely inhibited the bronchoconstriction of 0.02 mg. of histamine. The 
same doses of the two theophylline derivatives decreased to the same degree 
the bronchoconstriction of 0.04 mg. of histamine. Even high doses of the 
theophylline derivatives (32 mg. anhydrous theophylline) did not completely 
suppress the bronchoconstriction effect of histamine, when the latter drug was 
injected in doses that elicited at least a 50% reduction in the outflow. Ac- 
cordingly, these theophylline derivatives must be considered as weak broncho- 
dilators under the conditions. 

Pilocarpine bronchoconstriction. Using the same procedure as with histamine, 
I found that doses of 0.8 mg. pilocarpine hydrochloride gave a bronchoconstric- 
tion of about 50 to 70%. The theophylline derivatives, in the same doses as 
used in histaminized lungs, antagonized the bronchoconstriction of pilocarpine 
in varying degrees. The spasm was prevented and also overcome by the theo- 
phylline derivatives. The results are not illustrated in figure 1. 

Barium bronchoconstriction. Fifteen to 25 mg. of barium chloride injected 
into the perfusion fluid produced a fair degree of bronchoconstriction which 
was promptly antagonized by the theophylline derivatives, in the same doses 
as in histaminized or pilocarpinized lungs (fig. 1). The bronchospasms were 
both prevented and overcome by the theophylline derivatives, in about an 
equal degree. 

Anaphylactic lungs. Normal guinea pigs weie sensitized to normal horse 
serum by subcutaneous injection of 0.2 cc. for each animal, and they were killed 
about 8 weeks later and their lungs perfused. 

Normal horse serum had little or no demonstrable effect on the bionchi of 
perfused lungs of normal (non -sensitized) guinea pigs, a small bronchoconstric- 
tion of about 10% reduction of the initial outflow being the greatest effect from 
a dose of 0.5 cc. However, in the perfused lungs of sensitized animal, the injec- 
tion of antigen, even in minute doses, caused a marked bronchoconstriction 
which almost stopped the outflow. When this intense bronchoconstriction had 
been established, as after high doses of histamine, the lungs were less sensitive 
to the action of drugs. Recovery was not complete, but it was possible to- 
produce a fairly strong bronchoconstriction by the injection of a fresh dose of 
antigen. This second, and sometimes a third, anaphylactic bronchoconstric- 
tion, with the same dose of antigen, was much weaker than that produced by the 
first injection. 

'Flie anaphylactic bronchoconstriction produced by doses of 0.1 to 0.0004 cc. 
of normal horse serum was too marked to be antagonized by the doses of the 
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theophylline derivatives used in histaminized and piioearpinized lungs. These 
doses sometimes delayed the onset of the bronchoeonstriction, or decreased it 
to a slight degree. However, if the dose of aminophyllin or theocin was increased 
and perfusion was continued for some minutes, the anaphylactic bronchocon- 
striction was totally suppressed and even replaced by a bronchodilatation 
(fig- 1). 

Ethylenediamine. Injections of 8 to 10 mg. ethylenediamine, the component 
of aminophyllin, produced a slight decrease in outflow of several lungs. This 
reduction was about 5%. In all lungs, when this drug was injected mixed with 
the dose of a bronchoconstrictor drug, the effect was a slight increase of the con- 
strictor effect, if anything. Injection of a mixture of the antigen and this amine 
into lungs of a sensitized guinea pig resulted in a constriction of about 100 per 
cent. These results, therefore, showed a lack of bronehodilator action, and any 
antagonism to bronchoeonstriction, by ethylenediamine. Clearly the ethylene- 
diamine has no part in the bronchial antispasmodic action ol aminophyllin. 
It merely serves the purpose of making a more soluble theophylline compound. 

Comparative bronehodilator actions of theophylline and epinephrine. It was 
difficult to make a quantitative comparison of the bronehodilator efficiency 
of theophylline (as aminophyllin) and epinephrine in antagonizing the broncho- 
constriction of small doses of histamine. The effects of epinephrine and his- 
tamine lasted longer than those of aminophyllin. The result of injecting 
histamine and aminophyllin, in a ratio of 1:750 to 1:1500, was that the action 
of aminophyllin might prevail during the first 2 or 3 minutes. Thus, a small 
increase in the initial outflow would be observed, but later the histamine broncho- 
constriction prevailed. Using the 'initial aminophyllin antagonism as a basis 
for comparison with the epinephrine antagonism of histamine in 11 lungs, it was 
found that epinephrine was about 1250 to 1870 times stronger than aminophyllin 
(1000 to 1500 times stronger than anhydrous theophylline). In 4 lungs which 
showed a-, moderate degree of bronchoeonstriction after smaller doses of his- 
tamine, epinephrine in doses S00 to 1000 times smaller than those of ammo- 
phyllin produced the same degree of bronchodilatation. According to these 
criteria, epinephrine is at least 1000 times more powerful than aminophyllin 
in bronchospasm resulting by direct stimulation of the bronchial muscles by 
histamine. This agreed, in general, with the results on bronchi in situ. 

Bronchi in situ. Method. Seventeen dogs, weighing from 7 to 13 kg., were used. 
Eleven were injected previously with 20 mg. of morphine hydrochloride per kg., and later 
anesthetized with ether. The brain and the medulla Here pithed, and in some animals, 
also the spinal cord. Five dogs were anesthetized with pentobarbital, 35 mg. per kg. 
intraperitoncally, and later injected with curare, 3 mg. per kg., or fluidextract of erythrina 
0.1 cc. per kg. intravenously, repeating the curare or erythrina as needed. One dog was 
injected with morphine, 20 mg. per kg. subcutaneously, anesthetized with ether, and later 

curarized with erythrina. , . , . 

Blood pressure was recorded from a mercury manometer attached to the carotid artery . 
Injections were made in the saphenous or the jugular vein. Jackson’s well known method 
(12) was used for recording changes in bronchial tone. Artificial respiration was by means 
of negative pressure. Bronchoeonstriction was indicated on the kymograph record by a 
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decrease in the excursions of a tambour connected to the tracheal cannula. Both vagi were 
cut in the neck before pithing. A tropiin ration with complete paralysis of the vagi did not 
affect the actions of the bronchodilator drugs. In unpithed animals, the vagi were left 
intact. 

The injections were washed into the vein with 5 to 10 cc. of warm solution of C% acacia 
containing 5% dextrose. A slow injection of 8 to 10 cc. per kg. of the acacia solution was 
continued after pithing, when the blood pressure fell and the bronchocons trie tor agents 
were injected. 

Histamine, pilocarpine, and barium chloride were used as typical bronchoconstrictors. 
The doses of histamine used ranged from 0.1 to 0 3 mg. per kg., with resulting prompt and 
marked bronehoconatriction. Sometimes the respiratory excursions were reduced more 
than 80%, and the blood pressure was markedly lowered at the same time Pilocarpine 
was injected in doses of 0 1 to 0 5 mg per kg. This drug produced a fairly good and con- 
stant, though slow, bronchoconstriction, a pronounced bradycardia, and moderate initial 
hypotension followed by a recovery of blood pressure above the original level. Barium 
chloride proved to be a poor brenchoconstrictor in doses below the fatal, in confirmation 
of previous results by Cameron and Taintcr (13). Five mg. per kg produced an increase 
in the blood pressure, but had no demonstrable action on the bronchial tone; 10 mg. per kg , 
injected slowly, caused cardiac irregularities and slight bronchoconstriction. Typical 
results with 2 of the bronchoconstrictors used, histamine and pilocarpine, and the broncho- 
dilator effects of the theophylline derivatives and epinephrine are illustrated in figures 
2, 3 and 4. 

Ammophyllin and thcocin. These theophylline derivative* were injected 
after an experimental bronchoconstriction became constant, or earlier when 
the bronchospasm was too intense. The doses used were from 10 to GO mg. per 
kg. These doses caused a decrease in blood pressure in all dogs. In pithed 
animals, doses of 20 mg. as aminophyllin or theocin had little or no antagonistic 
effect on the bronchoconstriction caused by fairly strong doses of histamine 
(0.1 to 0 3 mg. per kg.). Higher doses, i e. 40 to GO mg. per kg., were more 
effective, but never re-established the initial bronchial state (fig. 2, upper record). 
This lack of bronchodilator efficiency might have been due, in part, to the fact 
that a further lowering of blood pressure was caused by the theophylline deriva- 
tives and superimposed on the lowered blood pressure caused by pithing and 
histamine. That is, the severe circulatory collapse presumably decreased the 
functional activity of bronchial muscle. Aminophyllin and thcocin, in doses 
of 20 to 60 mg. per kg., reduced the bronchoconstriction produced by pilo- 
carpine. The bronchodilatation that followed was markedly prolonged, but 
there was not a complete restoiation of the original bronchial tone. The results 
with aminophyllin and epinephrine in a pithed animal aic illustrated in figure 
2 (upper record). 

In unpithed animals, thcocin and aminophyllin caused bronchodilatation with 
smaller doses (10 mg. per kg.) than in pithed animals. The theophylline dilata- 
tion, after pilocarpine, lasted for 10 to 20 minutes. When the pilocarpine con- 
striction was pronounced, a recurrent, slowly progressive bronchoconstriction 
was produced. That is, the ant Spasmodic action of the theophylline deriva- 
tives was not permanent. Epinephrine in doses of 0.01 to 0.02 mg. per kg. gave 
a more powerful, but more transitory' bronchodilator effect. With histamine 
a recurrent bronchoconstriction did not occur although the original state was not 
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reached. Aminophyllin. and epinephrine produced an immediate and a more 
sustained bronchial relaxation, but a part of the final relaxation was due to 
natural recovery from the histaminal constriction. The doses for the immediate 
antispasmodic action of histamine was about the same as for pilocarpine. In 
unpithed animals, the blood pressure remained at a high level throughout, and 
therefore, the greater effectiveness of the smaller doses of the theophylline deriva- 


.0 p ,]o.5 k<} 



Dog 5.0 JCg 




• f Epi. 0.02 rnq SJ 
Theocin 30 mg Kg 


Fig. 2. Comparative Bronchodii..vtor Effects of Amixophy lain, Theocin and 

Epinephrine 

Upper record: Dog. 10.5 kg., pithed; histamine given in 4 injectiuns; total dose = 0. 

0 jrr pdf jig. 

Lower record: Dog. 9.5 kg.; pentobarbital anesthesia; curarizcd with erythrina. Pi 
= pilocarpine hydrochloride, 1 mg. per kg. in each injection. ... , . . . 

In all records of figures 2, 3 and 4, events read from left to righC.hroncboeonstrjcUon 1 
indicated by reduction in amplitude of respiratory excursions, rime; each stroke = 2 
seconds; pit. = pilocarpine; epi. = epinephrine; amin. = aminophyllin ; his. — histamine 


fives was due to the maintenance of a more efficient circulation of blood througl 
the lungs and greater functional reactiveness of the bronchial muscles. Then 
is no good reason to postulate a central action for the theophylline derivatives 
since identical antispasmodic actions occurred against the same types of broncho- 
spasm in isolated perfused lungs. The various results in unpithed dogs art 
illustrated in figures 2 and (lower record), 3 and 4. 


Fig 3. Comparative Bronchodilator Effects op Ami.vophvi.un and Epinephrine on 
Bronchial Spasm and Blood Pressure after Histamine 
Dog 9.2 kg : Pentobarbital anesthesia, curarizcd with crythrina. 

Upper record: Bronchial tonus changes; Lower record. Changes In blood pressure (mm. 
Hg.). 



Dog 8 2 kg : Pentobarbital anesthesia, curanzed with erytbnna. 

Upper record Bronchial tonus. Lower record Blood pressure changes, (mm. Hg.). 


changes. For instance, a second dose of histamine did not produce the same 
degree of bronchoeon.striction as did the first doe. In the same way, a second 
dose of aminophyllin did not produce the same degree of bronchodilatation as 
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did the original dose. The animals became progressively less sensitive to botii 
bronchoconstrictors and bronchodilators. However, such comparisons as could 
be made justifiably indicated that both aminophyllin and theocin had about the 
same bronchodilator efficiency according to content of anhydrous theophylline. 
They could be used interchangeably for relief of bronchospasm, as in asthma. 
In fact, theocin would be less irritating for intravenous injection due to the 
fact that its sodium acetate component is less irritating than the ethylenediamine 
component of aminophyllin. As compared with epinephrine, both theophylline 
derivatives were much less efficient as to degree of bronchodilatation (figures 
2, 3 and 4). That is, doses of 0.01 to 0.02 mg. per kg. of epinephrine were about 
as effective as doses of 40 to 60 mg. per kg. of anhydrous theophylline, whether 
used as aminophyllin or theocin. On a dosage basis, therefore, epinephrine was 
about 3000 to 4000 times stronger as a bronchial antispasmodic than was an- 
hydrous theophylline. A similar tendency in comparative efficiency of these 
bronchodilators was found in perfused lungs, the epinephrine here being at least 
1000 times stronger than theophylline. Clinically, the same general tendency 
exists in the comparative bronchodilator efficiency of these drugs. That is, 
the single effective dose of epinephrine in bronchial asthma is from 0.05 to 
0.5 mg. for an adult and that of aminophyllin is 0.24 Gm. (0.144 Gm. anhydrous 
theophylline) which would make epinephrine about 288 to 2880 times stronger. 
When the dose of aminophyllin is doubled (0.48 Gm.), then the epinephrine 
would be 576 to 5760 times stronger than theophylline. It must be remembered 
that epinephrine is given hypodermically whereas aminophyllin is given in- 
travenously, that is, more directly and effectively, and this, too, speaks for the 
greater efficiency of epinephrine. 

Effects of repeated daily injection of aminophyllin. Although 
clinical reports are silent as to possible injurious effects from repeated intra- 
venous injections of aminophyllin in circulatory and asthmatic conditions, it is 
known that the theophylline derivatives are irritating. For instance, oral 
administration in many individuals results in gastric intolerance and in al- 
buminuria and other manifestations of renal irritation. Intravenous injections 
of aminophyllin in patients cause unpleasant initial subjective symptoms, 
namely, prickling in the tongue, mouth, face, upper chest and arms with a 
marked sensation of heat in the face and neck and an irresistible quickening of 
respiration. In intractable asthma these symptoms are followed by a feeling 
of grateful relief from the dyspnea, and a diuretic effect may also ensue. The 
sensations of prickling and heat point to irritation of sensory nerves. Two to 
three such injections of aminophyllin (0.24 to 0.48 Gm.) are often given daily 
for a month or more, and as many as 200 such injections are known to have 
been given in 2 to 3 months on different occasions to one patient. Therefore 
it would be important to know whether such repeated injections result in 
permanent injuries to important viscera and especially the endothelium of the 
blood vessels including capillaries. If positive, a limitation should be put on 
the rather liberal current usage of this drug. The matter was tested by giving 
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repeated injections of aminophyllin in therapeutic and highest tolerated doses to 
rabbits and then making histological examination of different organs. The 
doses in this section are those of the whole molecule aminophyllin, not as an- 
hydrous theophylline. 

Doses greater than 100 mg. of aminophyllin per kg. intravenously were found 
to be acutely toxic or fatal. For instance, one rabbit was injected intravenously 
with a dose of 250 rag. per kg. and died in about 12 minutes from respiratory 
paralysis, after generalized convulsions. Another received 200 mg. per kg., 
and died in about 20 hours. Three of 6 rabbits injected with 150 mg. per kg. 
intravenously died within 24 hours; the other 3 survived for moie than 2 weeks 
and were discarded. Therefore, the highest tolerated dose was assumed to be 
100 mg. per kg., or about § the LD 6 o, and this dose was actually injected each 
day for 30 consecutive days in 4 rabbits. Only one of these rabbits lost weight 
during this time. All of these rabbits were killed at the end of one month, 
but no macroscopic changes were found in the lungs, liver, brain, kidneys and 
heart. 

Another group of 5 rabbits was injected intravenously daily with 7 mg. of 
aminophyllin per kg. for one month (30 injections in all). This dose corre- 
sponds with twice the single therapeutic dose used clinically in bronchial asthma, 
i.e., 0.48 Gm. total for a 70 kg. man. At the end of this time the rabbits were 
killed by injecting potassium chloride solution intravenously. Again no gross 
changes were found in the brain, heart, lungs, liver and kidneys. 

Histological examinations of all organs from all rabbits were made independ- 
ently by Dr. A. J. Cox, Jr. of the department of pathology, and his report is 
briefly summarized as follows: Dosage of 7 mg. per kg.: No significant meningitis; 
no casts in kidneys; occasional scar in livers, probably unrelated to the medica- 
tion. Practically no pathological changes in any of the organs. Dosage of 100 
mg. per kg.: Irregular, mild, chronic meningitis; small amount of granular 
coagulum and a few hyaline casts in the renal tubules. All other organs showed 
no pathological changes. 

Therefore, doses of therapeutic order showed no demonstrable histological 
evidences of tissue irritation. However, the liighest tolerated doses, which 
were about 30 times the single therapeutic dose, gave evidences of slight irrita- 
tion in the meninges and kidneys. This, taken together with subjective evi- 
dences of irritation in patients, indicates that repeated injections of high doses of 
aminophyllin are somewhat injurious. Whether the injuries might be permanent 
or result in serious consequences is not known. While the tendency to repair is 
always present, human tissues are generally more sensitive than those of lower 
animals, and therefore, intravenous injections of aminophyllin should not be 
given too freely or for extended periods, or indiscriminately, despite the life- 
saving action of the drug. 

CONCLUSIONS 

1. The comparative bronchial antispasmodic actions of 2 theophylline deriva- 
tives, namely, aminophyllin (theophylline ethylenediamine) and theocin 
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(theophylline sodium acetate) and of epinephrine have been determined in iso- 
1 lated lungs of guinea pigs and intact lungs of dogs. 

2. Aminophyllin and theocin dilated the bronchi of untreated isolated lungs, 
and prevented or relieved variably the bronehospasms of histamine, pilo- 
carpine, and barium, and of anaphylactic shock. Ethylenediamine, a com- 
ponent of aminophyllin, had a weak bronchoconstrictor action, if anything, and 
did not antagonize the effects of bronchoconstrictor drugs; hence does not con- 
tribute to the antispasmodic action of aminophyllin. Epinephrine was at 
least 1000 times more effective than the theophylline derivatives in antagonizing 
bronchoconstriction in perfused lungs. According to their content of anhydrous 
theophylline, aminophyllin and theocin were equally effective. 

3. The 2 theophylline derivatives acted identically on dogs’ bronchi in situ 
and relieved promptly, though variably, the bronehospasms of histamine and 
pilocarpine, the results with barium being less satisfactory. Under the same' 
conditions, epinephrine was at least 3000 times more efficient than theophylline, 
the bronchodilatation of the latter, however, being more sustained. This 
agreed with a similar tendency in perfused lungs and also in clinical effectiveness 
in bronchial asthma. 

4. The effective bronchodilator doses of the theophylline derivatives were 
smaller in animals with the central nervous system intact than in the pithed, 
owing to more efficient blood circulation in the lungs of the former. Since the 
2 drugs acted identically in isolated, and intact lungs, with innervation paralyzed 
the seat of the bronchial antispasmodic action of theophylline was peripheral, 
and due to direct depression of bronchial smooth muscle, in agreement with the 
known depressant action on smooth muscle in blood vessels. 

5. Consecutive daily intravenous injections for 1 month in rabbits of doses of 
aminophyllin of therapeutic order, or 7 mg. per kg., produced no demonstrable 
symptoms and no pathological changes in the lungs, liver, brain and kidneys. 
Highest single tolerated doses or 100 mg. of aminophyllin per kg. injected 
similarly were fairly well tolerated symptomatically, but histologically caused 
evidences of a slight chronic meningitis and also a slight nephritis. These 
evidences of irritation were consistent with subjective manifestations of 
irritation in patients receiving the drug intravenously. Hence, repeated 
intravenous injections of large doses of aminophyllin are somewhat injurious, 

' and this drug should not be used too freely or indiscriminately. Its irritant 
effects could conceivably be serious in sensitive individuals, or aggravate 
acute or chronic inflammatory states of the kidneys, meninges and blood vessels, 
but these would be minor considerations in its use in emergencies, as in intrac- 
table asthma, where aminophyllin can give dramatic and complete relief. 

I wish to express my thanks to Professor P. J. Hanzlik for his suggestions, 
guidance and criticisms. 
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It was recently shown (1) that rabbit blood serum contains an enzyme (or 
enzymes) capable of catalyzing the complete deacetylation of diacetylmorphine 
(heroin) and monoacetylmorphine and the partial deacetylation of diacetyldi- 
hydromorphine (dihydroheroin). This report deals with the distribution of this 
enzymic activity in the tissues of the rabbit, rat, and human. 

Method. The rate of deacetylation of the morphine derivatives was measured with 
Barcroft differential manometers. The method depends on the reaction of the liberated 
acetic acid with the bicarbonate of the Ringer’s solution (2) and consequent liberation of 
carbon dioxide, which was measured manometrically . Diacetylmorphine, diacetyldihydro- 
morphine, monoacetylmorphine, and monoacetyldihydromorphine were used as substrates. 
The substrate concentration was always 5.0 mgm. in 3.0 cc. The hydrochloride salts of the 
morphine derivatives, dissolved in Ringer's solution, were placed in the main compartment 
of the reaction flask and the tissue suspension in a side arm. After flushing the flasks with 
95% nitrogen and 5% carbon dioxide for ten minutes, the manometers were closed, equi- 
librium attained, and the tissue added to the main compartment to start the reaction. The 
total fluid volume was always 3.0 cc. Determinations were made at 37.5°C. 

The organs to be examined were removed immediately after killing by decapitation (rats) 
or a blow on the head (rabbits) and kept in closed glass containers in the ice cube compart- 
ment of a refrigerator. The enzymic activity of the organs showed no appreciable change 
over a period of eight weeks or more when kept frozen in this manner. Two samples of 
human liver were obtained through the cooperation of Dr. F. Eberson, Gallinger Hospital, 
Washington, D. C. They were obtained and frozen within four hours post mortem. One 
patient died of cerebral thrombosis and the other of lobar pneumonia. Both livers were 
free of any special pathological processes. 

In each experiment slices of the frozen tissue were rapidly weighed on a torsion balance 
and well ground with clean sand with additions of small quantities of bicarbonate Ringer’s 
solution. The paste was then diluted to the desired volume. This suspension was thor- 
oughly mixed and pipetted into the side arm of the reaction flask in the desired quantity. 
Only the cortex of brain or kidney was used. 

The rabbits used were one- to two-year-old albinos and were fed Purina rabbit chow, cab- 
bage, and unlimited water. Albino rats (Wistar) were used at ages varying from four to 
five months. The rats were fed Purina dog chow and allowed unlimited water. 

The acetylated derivatives of morphine were furnished by Doctor L, F. Small of the 
National Institute of Health and their properties and methods of preparation were de- 
scribed in a previous report (1). 

Results. Figure 1 shows the observed rate of liberation of carbon, dioxide 
when rabbit tissues, in the indicated quantities, were added to 5.0 mgm. of 
heroin. All of the tissues examined were able to deacetylate heroin, although at 
different rates for equivalent amounts of tissue. The yield of carbon dioxide in 
the presence of relatively large quantities of tissue (except muscle) was always 
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greater than the theoretical amount (1) for removal of one acetyl radical from the 
heroin. This fact, together with the general shape of the curves, indicates that 
both acetyls are split off, each at a different rate. That the 3-carbon acetyl 
radical is more readily split off is indicated by the rate of hydrolysis of mono- 
acetyl morphine (fig. 2). 



Fio. 1. The Rate of Deacetylation of Heroin by Different Quantities of Rabbit 
Tissues 

In this and succeeding figures the numbers on each curve represent the wet weight 
(mgm.) of tissue or cc. of serum used. 



Fio. 2. The Rate of Deacetylation of Dihtdroheroin, Monoacettlmorpiiine and 

Mo.VOACETYLDIirYDROMOBPIIINE BT RABBIT TISSUES 

The four graphs on the right of figure 2 show that the 6-carbon acetyl radical is 
removed from monoacctylmorphine by liver, kidney, serum, and brain. Much 
larger quantities of tissue weie requited for rates of COj evolution comparable to 
those of figure 1, showing that heroin is deacetylated in two stages, at the 3- 
carbon first and then more slowly at the 6-carbon. 
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The four graphs on the left of figure 2 show the observed rate and extent of 
liberation of carbon dioxide when rabbit tissues were added to 5.0 mgm. of dihy- 
droheroin. The order of ability to deaeetylate at the 3-carbon is the same as 
found for heroin, but the rate of deacetylation is slower with equal quantities of 
tissue. Furthermore, the yield of carbon dioxide and general shape of the curves 
indicate that no measurable hydrolysis takes place at the 6-carbon with the 
quantities of tissue used. However, when larger quantities of liver (50 and 100 



MMUTM MIHUTts 

Fro. 3. The Rate of Dbacetyeation of Heroin by Rat Tissues 



Fig. 4. The Rate of Deacetylation of Dihydroheroin, Monoacetylmorfhine, and 
Monoacetyldihydromorphine by Rat Tissues 

mgm.) were used, some deacetylation occurred at the 6-carbon, as shown in the 
lower right hand graph of figure 2. Similar quantities of the other tissues did not 
liberate carbon dioxide when added to monoacetyldihydromorphine. 

The results of a series of determinations of the enzymic activity of tissues taken 
from a rat are given in figures 3 and 4. Figure 3 shows the rate of deacetylation 
of heroin when liver, kidney, serum, or brain was added to 5.0 mgm. of heroin. 
While all four tissues readily remove the 3-carbon acetyl radical, they do so at a 
slower rate per unit of tissue than do the tissues of the rabbit (figs. 1, 2). The 
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yield of carbon dioxide in the presence of the larger quantities of liver or kidney 
indicates a partial deacetylation at the 6-carbon, in other words, that these two 
tissues are able to remove the 6-carbon acetyl radical from monoacetylmorphine. 
This was proved by the liberation of carbon dioxide on addition of liver or kidney 
to 5.0 mgm. of monoacetylmorphine (fig. 4, upper right). 

Rat liver, kidney, serum, and brain are able to split off the 3-carbon acetyl from 
dihydroheroin (fig. 4), but the rate of hydrolysis was slower for equal quantities 
of tissue, than when heroin was used as the substrate. Of the rat tissues in- 
vestigated only the liver was able to measurably remove the acetyl radical from 
monoacetyldihydromorphine. 

Human liver is able to deacetylate all four acetylated morphine derivatives 
(fig. 5). The observed rate of hydrolysis at the 3-carbon per unit of tissue was 
slower in the presence of human liver than rabbit liver and approximately equal 
to that of rat liver. However, the hydrolysis at the 6-carbon was somewhat 



Pic. 5 The Rate of Deacetylation of Heroin, Dihydroiieroin, Monoacetylmorphine 
and Monoacetyldihydromorphine by Human Liver 


faster with human liver than rabbit or rat liver as can be seen by a comparison of 
the rates of deacetylation of monoacetylmorphine or monoacetyldihydromor- 
phine by these tissues (figs. 2, 4, and 5). 

The initial rate of hydrolysis of monoacetylmorphine or monoacetyldihydro- 
morphine, representing the removal of the 6-carbon acetyl, followed fairly well 
the rate to be expected for a monomolecular reaction. This is shown by the two 
graphs at the right of figure G. Here the logarithm of (o — x) from the equation : — 


rr 2,3 . a 

k = t ,os or=T) 


is plotted against minutes. The initial substrate concentration (o) is expressed 
in equivalents of carbon dioxide (mm*), x represents carbon dioxide evolved at a 
given time it ~ minutes) and K is the velocity constant, determined from the 
slope of the line. 

In the same way, values for the velocity constant for hydrolysis at the 3- 
carbon of heroin and dihydroheroin can be derived if the quantity of tissue used is 
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so small that no appreciable hydrolysis takes place at the 6-carbon or if the 
initial slope of the line is taken when larger quantities of tissue are used (fig. 6). 

The value chosen for (a) was 240 mm 3 in each case. While this is less than the 
theoretical amount (approx. 275 mm 3 ) for complete deacetylation at one carbon, 
it does represent the average value found experimentally and also is the best value 
found by extrapolation to zero time when log (a — x ) is plotted against minutes 
(fig. 6). 

The values found for K using different quantities of rabbit, rat, and human 
tissues are given in table 1. These values were derived from the data plotted in 
figures 1 to 5. Inspection of the tables shows that the velocity constants are very 




Fiq. 6. The Logarithm of the Substrate Concentration (mm'CO,) at Intervals after 
Mixing the Tissue and Substrate Indicated 

nearly proportional to the amount of tissue used. Therefore, a comparison of the 
velocity constant should give the relative enzymic activities of the tissues. 

In order to determine the amount of tissue required to give equal velocity con- 
stants, in other words containing equal enzymic acitivity, the values of K given 
in the tables were plotted against milligrams of tissue and a straight line drawn 
through the points. The amount of each tissue required to give a velocity con- 
stant of 0.01 was obtained, extrapolating where necessary. These quantities are 
given in table 2 and represent the amount of tissue required to hydrolyze l%o! 
the substrate per minute. The values given for heroin and dihydroheroin are for 
hydrolysis at the 3-carbon, while those for monoacetylmorphine and mono- 
acetyldihydromorphine are for 6-carbon hydrolysis. 

From table 2 a comparison of the enzymic activity of the tissues can be ob- 
tained by direct comparison of the milligrams of tissue given. Thus the enzymic 
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TABLE 1. 

The variation of the velocity constant (K) with tissue concentration 


In this and following tables, Heroin and H 3 heroin represent hydrolysis at carbon-3 and 
monoacetyl and Hj monoacetyl at carbon-6. Substrate concentration = 50 mgm. in 3.0 cc. 



live* j 

| XI0NXV 

| SXAIN 

| SEKuy 


Mg. | 

a: x io* J 

ifS. | 

i A X 10» 

1 , 

JT X I0« 

| Mg. 

j K X io* 

Rabbit 

Heroin 

0.5 ' 

0.8 

1.0 

0.36 

10 

0.22 

10 

O.GO 


1 0 

1.6 
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activity of rabbit liver, as regards hydrolysis at the 3-carbon of heroin, was 6 
times as great as rat liver and seven times as great as human liver. A similar 
comparison with dihydroheroin as substrate showed rabbit liver six to seven times 
as active as rat or human liver. However, when a comparison is made of the 
activity of the same livers using monoacetylmorphine as substrate, the enzymic 
activity of the human liver is equal to or greater than that of the rat or rabbit. 
When monoacetyldihydromorphine was used as substrate, the human liver was 
approximately eight times as active as the rabbit or rat liver. The observation 
that the rat and human liver samples were approximately equal in ability to 
deacetylate monoacetylmorphine, but that the human liver was much the more 


TABLE 2 

Milligrams (wet weight) of tissue required to give a monomolecular velocity constant of O.Ot 




UVER 

KIDNEY 

BRAIN 
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N 
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All subjects from which these tissues were obtained were males. 

* 1.0 cc. of serum => 1 gram. N =■ No hydrolysis with 0.5 gram of tissue, 
t Rabbit #294. — = No examination of tissue made, 

t Rat U\. 

§ Subject A. 

active when splitting monoacetyldihydromorphine was confirmed by repeated 
tests* 

A comparison of the quantities of different tissues required for equal values of 
K (table 2) shows that liver has the greatest capacity for deacetylation either at 
the 3- or 6-carbon position. Kidney is next in order of activity followed, in the 
rat, by brain and then serum. In the rabbit the order of activity of brain and 
serum is dependent on the activity of the individual rabbit’s serum. That this 
varies widely has been shown previously (1) and is confirmed by the figures in 
table 3. The few determinations that have been made on muscle all showed a 
lower enzymic activity than the tissues listed in the tables. 

The ratio of activities of one organ in two species of animals is no indication of 
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what the ratio will be in another organ. For example, rabbit liver is roughly six 
times as active as rat liver, as regards deacetylation at the 3-carbon, position, but 
brain cortex from the two species is approximately equal in activity. The serum 
of the rabbit may be equal to that of the rat or sixteen times as active, due to the 
wide variation in the activity of rabbit serum. 

TABLE 3 


The variation in amount of tissue required for a velocity constant of 0,01 
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Animals 2, 3, 4, 5, and G were females; all the rest were males. 


The values in table 3 are comparable to those in table 2 and show the variation 
in quantity of tissue required to give a velocity constant of 0.01 when the tissues 
are taken from different animals. The concentration of enzyme responsible for 
deacetylation at the 3-carbon position is definitely less in the liver and serum of 
the male rat than in the female rat. Both seta of animals were approximately 
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four months old, Sut the males were much larger than the females so that the 
total concentration of the enzyme might very well have been the same in the two 
sexes. Outside of this sex difference the tissues of the rat were fairly constant as 
regards concentration of the enzyme. In fact, rabbit serum was the only source 
of enzyme that gave extremely wide variations in enzymic activity. 

Discussion. From the data presented it is quite apparent that the rat, rabbit, 
and human are able to convert heroin to morphine at a rapid rate by means of the 
liver alone. For example, 4.0 mgm. of human liver remove 1% of the 3-carbon 
acetyl from 5 mgm. of heroin in one minute (table 2). Assuming a direct pro- 
portionality between the quantity of liver and the velocity of hydrolysis over a 
wide range, it would require only 360 mgm. of liver to deacetylate 90% of the 
heroin at the 3-carbon in one minute. The same rate of removal of the 6-carbon 
acetyl would take approximately four times as much tissue, but even at that the 
limiting factor for conversion of injected heroin would probably be the time taken 
for the drug to arrive at the liver by means of the circulation. The rate of 
deacetylation of heroin by the liver of a rat or rabbit would be of the same general 
order of that for human liver. 

In view of these quite probable rapid rates of conversion of heroin to morphine 
by the liver, it is difficult to avoid the conclusion that injected heroin exerts most 
of its pharmacological action as morphine. This is especially true since the 
kidney, brain, and serum are also contributing to the hydrolysis of the heroin. 

The same possibility applies to deaeetylation of dihydroheroin at the 3-carbon. 
However, the rate of deacetylation of this compound at the 6-carbon, by the rat 
or rabbit, would be considerably slower. This might account for the less intense 
pharmacological action (3, 4) of dihydroheroin and monoacetyldihydromorphine. 

Rizzoti’s observation (5) that beating frog hearts convert heroin to mono- 
acetylmorphine and, in part, to morphine was brought to my attention after 
completion of the work on deacetylation of heroin by rabbit serum (1). Rizzoti 
found no hydrolysis of heroin in contact with non-functioning hearts or extracts of 
heart tissue and concluded that the hydrolysis was intimately connected with 
cardiac contraction. 

A number of determinations were made of the cholinesterase activity of the 
tissues examined for hydrolysis of heroin. The order of activity for rat tissues 
with acetylcholine as substrate was: brain> liver > serum > kidney. Brain had 
as much as twenty times more cholinesterase activity than kidney in some of the 
animals. The order of activity for deacetylation of the morphine derivatives in 
the same anim als was: liver>kidney>brain>serum. This is further evidence 
(1) that cholinesterase is not involved in the deacetylation of heroin, either at the 
3-carbon or 6-carbon position. 

Bemheim and Bemheim (7) found that blood serum from only a limited num- 
ber of rabbits was able to hydrolyze atropine. The same is true for the hydrol- 
ysis of monoacetylmorphine. Examination of blood serum from a number of 
rabbits has shown an exact parallelism in ability to hydrolyze atropine and 
monoacetylmorphine. This indicates that the same esterase is involved for 
hydrolysis of atropine and for hydrolysis at the 6-carbon position of the acety- 
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lated morphine drivatives. However, Glick and Glaubach (8) found in the rab- 
bit that serum is the richest source of "atropinesterase”, and that when the 
atropine-splitting enzyme was absent from the serum,- it was also absent from 
the tissues- This is not true for the hydrolysis of monoacetylmorphine. 

SUMMARY 

Mammalian tissues (human, rabbit, and rat) contain an enzyme or enzymes 
capable of deacetylating heroin and dihydroheroin at both the 3-carbon and 6- 
carbon positions. Of the tissues examined, liver has the highest concentration of 
this enzymic activity followed, in general, by kidney, brain, blood serum, and 
muscle. Dihydroheroin is deacetylated at a slower rate per unit of tissue than 
heroin and the 6-carbon acetyl is removed from both at a much slower rate than 
the 3-carbon acetyl. Rabbit liver has a greater capacity for deacetylation at the 
3-carbon position, than rat or human liver while human liver deacetylates at the 
6-carbon position more rapidly than rabbit or rat liver. There is some evidence 
that the enzyme that catalyzes the hydrolysis of atropine also catalyzes the 
hydrolysis of monoacetylmorphine or the hydrolysis of heroin at the 6-carbon 
position. 
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It is well known that when repeated doses of any of the opiates are given for the 
relief of pain, tolerance to the analgetic action is developed. This is evidenced by 
the fact that equal doses produce diminishing effects, hence larger doses are re- 
quired to obtain the original therapeutic action. Some studies on Demerol (1, 2) 
indicate that certain aspects of its action closely resemble those of morphine. 
For this reason it seemed desirable to determine to what degree tolerance might 
be developed to repeated doses. 

Methods. Four prisoner patients who had been addicted to opiates, but who had re- 
ceived no drugs for at least nine months, volunteered for the study. All of these men were 
serving sentences long enough to insure complete recovery between the end of the study 
and their release. 

The method of Hardy and Wolff (3) for determining pain thresholds was used. The only 
change from their original method was the use of a wattmeter in placo of a radiometer for 
measuring the stimulus intensity (4). Before the start of the present study all of the men 
had been familiarized with the experimental procedure and had proved to be good subjects. 

Demerol was administered subcutaneously in initial dose3 of 100 mgm. and the effect on 
the pain threshold of this dose was determined. After the first dose the men chose the size 
and frequency of their doses to meet their particular desires, with limits of 300 mgm. per 
dose and a minimum interval of 1 J hours between doses. All of them took the drug at fairly 
regular intervals in gradually increasing doses. A pain threshold determination was made 
each week on three of the patients, and at less regular intervals on the fourth. Each run 
was started at least 1J hours after the preceding dose of Demerol. When the “preinjection” 
threshold had been obtained the dose then being chosen by the patient was administered 
and determinations made every fifteen minutes until the threshold returned to the pre- 
injection level. 

The drug was temporarily withdrawn after eight weeks of administration and the weekly 
pain threshold determinations were discontinued. The abstinence syndrome following 
complete withdrawal has been described by Himmelsbach (5). Measurements were made 
at 15-day intervals following withdrawal, using 100 mgm. as a test dose. 

Results. The magnitude of the pain-threshold-raising effect of the initial 
dose of 100 mgm. was different in each of the four cases and no attempt has been 
made to average the results. In each case, however, there was a marked reduc- 
tion in the effect as the study progressed. Figure 1, showing some of the data 
obtained from patient 1, is typical. It is evident that tolerance to the drug 
developed rapidly and that at the end of eight weeks there was a reduced response 
from a dose considerably greater than that originally used. 

It will be noted (figure 1) that as tolerance developed the time at which the 

1 l-methyl-^-phenyl-piperidine-^-carbonic acid ethyl ester, known in Europe as Dolan- 
tin. This compound was supplied through the courtesy of Doctor O. W. Barlow of the \\ in- 
throp Chemical Company. 

j Biophysicist, United States Public Health Service. 
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threshold raising effect reached a maximum decreased progressively. Since it is 
probable that this time depends to some extent upon the relation between the 
rate of absorption and the rate of removal of the drug, it appears that tolerance is 
accompanied by, or is the result of, changes in the rate of drug utilization. 

PAIN THRESHOLD AMSJfJS EFFECT OF DEMEROL 



Fig. 1. Data Obtained from Patient I Showing the Percentage Rise in Pain 
Threshold after the Administration of Demerol 
The figures near each curve give first the number of weeks of regular administration of 
Demerol and second, the dose in mgm. For example, the 3-200 curve was obtained after 
three weeks of administration using a dose of 200 mgm. 



Corves) in Patient I 


Each value of total effect is plotted against the number of weeks of regular administra- 
tion for that particular determination. 

If the area under each of the percentage rise-hours curves is measured the total 
threshold raising effect of the particular dose used is obtained. This total effect 
will be expressed in per cent hours. In figure 2 the values of the total effect thus 
obtained are plotted against the number of weeks Demerol had been admin- 
istered. This total effect curve indicates that tolerance developed quite rapidly 
and had nearly reached a maximum at the end of eight weeks. 


340 


H. L. ANDREWS 


It is interesting to note that the preinjection threshold readings, taken just 
before the administration of the test dose and at least U hours after the preced- 
ing dose, showed no significant changes (table 1). 

Ihe most striking result was the failure of a single test dose (100 mgm.) to 
produce a threshold-raising effect for at least 30 days after withdrawal. At this 
time there was no appreciable effect in any of the cases studied. After 45 days of 
abstinence one case continued to show no effect, two showed a small, irregular 
effect, and one showed a response almost equal to that obtained from 
the’first dose. 

TABLE 1 


Pre-injection threshold readings 


WEEKS or 
ADUEJISTEAT10N 

PEE -INJECTION' TUBXSaOLD 

Patient I 

j Patient II 

Patient III 

Patient IV 


ualls 

'H' WE 

vali* 

malts 

0 

289 


277 

266 

1 

277 


269 


o 

271 

! 253 

273 

279 

3 

267 

267 

267 


5 

263 

219 

272 


6 

2S6 

265 

268 


7 

256 

262 

262 


S 

263 

264 

256 

256 

DAYS APTE1 





WlTUDfcAWAX. 





13 

263 

270 

285 


30 

301 

273 

267 


45 

301 

270 

270 



Discussion. The development of tolerance to repeated doses of Demerol was 
not unexpected, for in many ways the action of this compound closely resembles 
that of morphine. It was surprising, however, to find that this tolerance was 
maintained for so long a time after withdrawal. Clinical recovery appeared to be 
almost complete after 30 days of abstinence, yet at this time no case showed a 
significant increase in threshold following a single dose of Demerol. It has been 
found that with morphine the development of tolerance may be almost com- 
pletely irreversible, for when a single dose of morphine is given to an individual 
who has previously been addicted, the threshold raising effect is in general ab- 
sent, or greatly reduced below that obtained in a normal with the same dose. 
The tolerance developed to Demerol is maintained beyond the period of ad- 
ministration but appears to be less permanent than that developed to morphine. 

SUMMARY AND CONCLUSIONS 

Using patients previously addicted to morphine, it has been shown that toler- 
ance develops to the pain threshold raising effect of Demerol. The development 
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of tolerance appears to be nearly maximal at the end of 8 weeks. There was no 
significant change in the pre-injection thresholds. The tolerance is maintained 
for at least 30 days after the drug has been discontinued. 
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The purpose of this investigation was to compare the chicken blood pressure 
and the official uterine methods for the oxytocic bioassay of posterior pituitary 
preparations. 

The present official method (1) is essentially that described by Dale and Laid- 
law (2) in 1912. It has not been uniformly successful in the hands of all bio- 
assayists and has been criticized by many workers from Hamilton and Rowe 
(3) in 1916 to Morrell, Allmark, and Bach inski (4) in 1940. 

The chicken blood pressure depressor method was introduced in 1939 by Coon 
(5), who claimed many advantages for it. This method is based on the fact, 
first described by Paton and Watson (6) in 1912, that the intravenous injection 
of posterior pituitary solution elicits a precipitous and fleeting fall of blood pres- 
sure in the bird. This response was shown by the same workers to be accom- 
panied by a splanchnic vasodilatation. Hogben and Schlepp (7) showed that 
this effect was not due to histamine or histamine-like substances, and Hogben 
(8) proved the ability to elicit the avian depressor response to be a specific 
property of posterior pituitary extracts. Following the separation of the pressor 
and oxytocic principles by Kamm and his associates (9), Gaddum (10) and sub- 
sequently Morash and Gibbs (11), Holtz (12), and Dietel (13), found the re- 
sponse to be produced by smaller doses of pitocin than of pitressin. This 
observation was used by Geiling (14) and by Sealock and duVigneaud (15) for 
estimating oxytocic activity, but Coon was the first to determine the conditions 
for its use as the basis for a reliable method of bioassay. 

The question naturally arises as to the agreement of the two methods. Coon 
found that they agree for preparations such as solution of posterior pituitary and 
pitocin in which the pressor-oxytocic ratio is one or less. He also found, how- 
ever, that the results of the two methods disagree for preparations which have a 
pressor-oxytocic ratio greater than 2.5:1. In such cases the discrepancy may 
reach 400% increasing with the pressor-oxytocic ratio. As Coon pointed out, 
there was no evidence to indicate which of the methods was at fault. 

In view of the advantages claimed for the chicken method, it appeared worth 
while to investigate the technic thoroughly in order to discover the factors 
responsible for the discrepancy in results noted above. 

i Submitted in partial fulfillment of the requirements for the degree of Doctor of Phil- 
osophy at the University of Chicago. 

5 A report covering part of this work was presented before the American Society for 
Pharmacology and Experimental Therapeutics on April 19, 1941. 
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Experimental. Pituitary preparations having pressor-oxytocic ratios rang- 
ing from 1 : 15 to 30: 1 were assayed by both the official and the chicken methods 
for oxytocic activity. The two methods agreed for preparations having pressor- 
oxytocic ratios ranging from 1:15 to 3.5:1. With preparations having ratios 
ranging from 3.5:1 to 30:1 the chicken method gave higher results; the dis- 
crepancy varied with the pressor-oxytocic ratio (fig. 1) and reached 350% in the 
case of pitressin, which had a ratio of 30:1. These figures differ slightly from 
those of Coon but sustain his conclusion that “the pressor component must 
exceed the oxytocic component by more than 250% before it will introduce 
significant discrepancy in assay results by the two methods.” The results admit 
of two possible explanations. Either the presence of relatively large amounts of 
pressor principle augments the depressor response, causing the chicken method to 
give high results; or such a preponderance of pressor principle antagonizes the 



Fig. 1. Curve Expressing tiie Relation between the Pressor-Oxytocic Ratio of the 
Preparations and the Percentage Deviation op the Chicken Assay 
Values from Those Obtained by Means of the Official Method 

action of the oxytocic principle on the isolated guinea pig uterus, causing the 
uterine method to give low assay values. 

In order to discover which method was at fault the following experiment was 
carried out. Samples of pitressin and pitocin* were assayed by both methods 
for oxytocic activity, and for pressor activity on the anesthetized cat. From 
these two preparations mixtures were prepared having known oxytocic and pres- 
sor potencies and, therefore, known pressor-oxytocic ratios, the latter ranging 
from 1:15 for pitocin to 30:1 for pitressin. These mixtures were then assayed 
for oxytocic activity by both methods. The results are shown in fig. 2. The 
increase of the pressor-oxytocic ratio of pitocin due to admixture with pitressin 
in varying proportions did not alter the oxytocic values of the mixtures as deter- 
mined by the official uterine method. Therefore it is apparent that the presence 

* The author wishes to express his appreciation to Dr. Oliver Kamm of Parke, Davis 
and Company for supplying these materials. 
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of the pressor principle in preponderant amounts does not inhibit the action of 
the oxytocic principle on the isolated uterus. It appears, then, that the presence 
of relatively large quantities of pressor principle in preparations having high 
pressor-oxytocic ratios augments the avian depressor response to the oxytocic 
component of such preparations. 

In 1939, Fraser (16) reported that postlobin-V (pressor) appeared four times 
as active when compared with postlobin-0 (oxytocic) by the uterine method, 
using the Van Dyke-Hastings modification of Tyrode’s solution, as it did when 
compared with the same standard by the same method using Locke’s solution. 
He found that the high magnesium concentration of the Van Dyke-Hastings 
solution, 2.5 mgm. %, was the factor responsible for the discrepancy, and that 
when the magnesium was replaced with its osmotic equivalent of sodium chloride 



J.A1 1 5 10 IS 20 25 30 

15 to 5 T I I II I I 


PRESSOR ; OXYTOCIC RATIO 

Fig. 2. Curve Illustrating the Percentage Deviation of Official and Chicken 
Assay Values of Solutions with Varying Pressor-Oxytocic Ratios from 
the Values Calculated from the Official Potencies of the 

PlTOClN .AND PiTRESSIN FROM WHICH THEY WERE PREPARED 

the assay values corresponded with those obtained when Locke’s solution was 
used. 

The official Locke-Ringer solution contains only a trace of magnesium, and 
it appeared possible, in the light of Fraser’s findings, that the magnesium con- 
centration of chicken blood serum might be responsible for the observed high 
oxytocic values of pressor preparations when assayed by the chicken method. 
According to Eveleth (17), the average serum magnesium level of chickens is 
2.8 mgm. %. In order to test this hypothesis, solutions with varying pressor- 
oxytocic ratios which had already been assayed by the official and chicken 
methods were reassayed by the uterine method, using the official Locke-Ringer 
solution with the magnesium concentration adjusted to 2.5 mgm. %. The 
results (table 1) lend support to the hypothesis. Preparations having pressor- 
oxytocic ratios ranging from 1 : 15 to 3.5:1 exhibited the same oxytocic potencies 
by all three methods. When the ratio exceeded 3.5: 1 the chicken method and 
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the uterine method using a magnesium concentration of 2.5 mgm. % agreed, 
both giving higher values than the official method. This experiment confirms 
the conclusion of Fraser that “the degree of oxytocic activity observed in an 
assay depends on the magnesium concentration of the uterine bath, when the 
ratio between oxytocic and pressor activities of the standard preparation is 
different from that of the unknown preparation.” The experiment shows fur- 
ther, however, that the magnesium concentration of the bath does not affect 
assay results unless the pressor-oxytocic ratio exceeds 3.5:1. 

In order to adduce further evidence that the serum magnesium level was the 
factor responsible for the high chicken assay values, an attempt was made to 
potentiate the depressor response to pituitary preparations by the intravenous 
injection of magnesium immediately preceding the injection of the pituitary. 

TABLE I 


Comparison of results obtained by the official, chicken, and high magnesium uterine methods 
of oxytocic assay 


mtllTAkY SOLUTIONS 

rtz$so* 

oxytocic 

uno 

CALCULATED 

values’ n a 
| CENTO S. F. 
STAND ASD 

OrriCIAL 
METHOD PE* 
CENTO S. P. 
STAND AID 

CHICKEN 
METHOD m* 
CENT U, S F. 
STAND AID 

HIGH Alg TOI- 
INE METHOD 
Ft* CENT U S. 
r. STANDA1D 

Pitocin 

1:15 


11,000 

11,000 

11,000 

U. S. P. posterior 
pituitary. 

1.1 


100 

100 

100 

High P:0 1 . 

3 5:1 

57 

57 | 

56 

53 

High P:0 2 

6 3:1 

6-1 

64 

SO 

SO 

High P:0 3 . 

9.9'1 

75 

75 

100 

100 

High P:0 4 ... 

15:1 

100 

100 

250 

250 

High P:0 5 

20-1 

75 

75 

222 

208 

High P:0 6 

25:1 

60 

60 

240 

216 

Pitressin . . 

30:1 


150 

675 

675 


* Calculated on the basis of the official assay values of the pitocin and pitressin from 
which these solutions were prepared. 


Such an experiment is shown in fig. 3 . An injection of pitressin (PR) was made. 
Several minutes later 2.0 cc. of 0.9 % sodium chloride solution (PSS) were in- 
jected as a control; this was followed immediately by the same dose of pitressin 
as was given previously. The pitressin elicited the same depressor response 
as before. After the blood pressure had returned to normal, 2.0 cc. of an 
approximately isotonic magnesium chloride solution, containing 5 ragm. of 
magnesium, .were injected and the same dose of pitressin repeated. The de- 
pressor response was then much greater than with pitressin alone. The second 
tracing in fig. 3 illustrates the same fact. The potentiating effect of the magne- 
sium disappeared after 20 to 25 minutes; serum magnesium determinations 
showed the level to be only slightly elevated after 20 minutes had elapsed and to 
be approximately normal 25 to 30 minutes after the injection. In order to 
estimate the magnitude of this potentiating effect, the experiment illustrated in 
fig. 4 was carried out. An injection of pitressin (PR) caused a blood pressure 
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fall of 40 mm. However, following the intravenous injection of 5.0 mgm. of 
magnesium one half the previous dose of pitressin elicited the same fall of blood 
pressure. Thus the magnesium increased the sensitivity to the pitressin by 
100%. Similar experiments showed that the avian depressor responses to U.S.P. 
standard posterior pituitary solution and pitocin were not significantly affected 
by the injection of magnesium. This latter finding is what would be expected 
in view of the report of Fraser that 10 mgm. % anhydrous magnesium chloride 
(approximately 2.5 mgm. % magnesium), a value which closely approaches the 
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Fiq. 3. Tracings Illustrating the Potentiation of the Avian Depressor Response 
to Pitottabt Preparations av the Intravenous Injection of Magnesium 

normal serum magnesium level of the chicken, is the level at which postlobin-0 
exerts its maximum effect on the isolated guinea pig uterus. 

In a few preliminary experiments the effect of the intravenous injection of 
potassium, sodium, calcium, zinc, and cadmium compounds on the sensitivity 
of the depressor response to subsequent injections of pituitary preparations was 
studied. None of the ions exerted any appreciable influence on the response. 

It was noted by Coon that when a series of small doses of pituitary are in- 
jected over a period of time, the depressor sensitivity may decrease to such an 
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extent that five to eight times the original dose must be injected in order to 
elicit a response equal to the original one- Similarly, the administration of 25 
units of pitocin in one dose will abolish the depressor response to subsequent 
smaller doses. Since an increase in serum magnesium increases the sensitivity, 
it was thought possible that the decrease in sensitivity after large doses of 
pituitary preparations might be due to a fall in the level of the serum magnesium. 
An experiment was carried out in which 0.2 cc. of a 1-10 dilution of TJ.S.P. 
standard solution was injected at three to five minute intervals until the dose no 



Fio. 4. Tracing Illustrating A 100 Per Cent Potentiation of the Avian Depressor 
Response to Pitressin by the Intravenous Injection of Magnesium 

longer elicited any response- Serum magnesium determinations showed that 
the loss of sensitivity was not accompanied by any significant variation of the 
serum magnesium level. Similarly, a massive dose of pitocin (25 U.S.P. units), 
which abolished the response to subsequent smaller doses, did not change the 
serum magnesium. 

Discussion. The chief disadvantage of the chicken method is the fact that it 
gives higher values for preparations with high pressor-oxytocic ratios than the 
official method. This discrepancy is shown to be related to the fact that the 
serum magnesium level of the chicken is higher than the magnesium titer of the 
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official Locke-Ringer solution, which contains only a trace of this ion. This 
conclusion is justified because when the magnesium concentration of the official 
Locke-Ringer solution is raised to 2.5 mgm. %, the approximate serum mag- 
nesium level of the chicken, the uterine and chicken methods give oxytocic 
values which agree for the various types of posterior pituitary preparations 
studied, including those with high pressor-oxytocic ratios. The question now 
arises as to whether the assays obtained for preparations with high pressor- 
oxytocic ratios by means of the official method are valid, or whether the higher 
values, obtained by the chicken method and the uterine method using Locke- 
Ringer solution with 2.5 mgm. % magnesium, are the more nearly correct. 
Such preparations are not used for their oxytocic activity, but if any specific 
oxytocic activity is stated to be present it should be that which the preparation 
will probably exert when used in man. It was demonstrated by Fraser and 
and confirmed in the present investigation that the action of preparations with 
high pressor-oxytocic ratios on the isolated uterus of the guinea pig depends on 
the concentration of magnesium in the medium bathing the muscle. That this 
relationship also holds true for the vascular musculature of the chicken in situ. 
is shown by the fact that raising the serum magnesium level increases the sensi- 
tivity of the depressor response to subsequent doses of high pressor-oxytocic 
preparations. The serum magnesium level of man is 2.7 mgm. ±0.3 mgm. %, 
according to Greenberg and his associates (18). It appears probable, therefore, 
that when preparations with high pressor-oxytocic ratios are used in man they 
exert an oxytocic activity which approaches more closely the potency indicated 
by the chicken method and the uterine method using high magnesium Locke- 
Ringer solution than that indicated by the official method. 

As reported by Coon and verified in the present investigation, the chicken 
method possesses many practical advantages over the official uterine assay. 
These advantages include relative simplicity and economy of time and funds. 

It is felt in this laboratory that this new method should receive consideration 
for official recognition. 


SUMMABY 

1. The finding of Coon that the chicken method yields higher oxytocic values 
than the official method for preparations which have high pressor-oxytocic ratios 
is confirmed. 

2. This discrepancy is explained by the difference between the low magnesium 
concentration of the official Locke-Ringer solution and the higher magnesium 
concentration of chicken blood serum. When the magnesium titer of the Locke- 
Ringer solution used in the official uterine method is raised to 2.5 mgm. %, the 
approximate serum magnesium level of the chicken, the discrepancy disappears. 

3. The conclusion of Fraser that “the degree of oxytocic activity observed 
in an assay depends on the magnesium concentration of the uterine bath, when 
the ratio between the oxytocic and pressor activities of the standard preparation 
is different from that of the unknown preparation” is confirmed, and extended. 

4. Raising the serum magnesium level of the chicken by the intravenous in- 
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jection of magnesium chloride increases the sensitivity of the depressor response 
to preparations having high pressor-oxytocic ratios but not to preparations hav- 
ing a ratio of one or less. The effect wears off rapidly, disappearing entirely 
at approximately the same time that the serum magnesium level returns to 
normal. 

5. The oxytocic activity which a preparation with a high pressor-oxytocic 
ratio will exert when used in man is probably indicated more accurately by the 
chicken method and the uterine method, using a Locke-Ringer solution with a 
magnesium concentration of 2.5 mgm. %, than by the official uterine method. 

6. Neither the progressive decrease in sensitivity of the avian depressor re- 
sponse, which accompanies the injection of a series of small doses of posterior 
pituitary preparations, nor the abolition of the response after a massive dose of 
pitocin is due to a fall in the blood serum magnesium level. 

7. The claims of Coon as to the many practical advantages of the chicken 
method are confirmed. The technique should receive consideration for recog- 
nition as an official method of assay. 

The author wishes to express his appreciation to Doctors E. M. K. Geiling 
and J. M. Coon for their criticisms and advice. He also wishes to thank Miss 
Elizabeth Webster for her assistance. Acknowledgment is made of grants from 
the Board of Trustees of the United States Pharmacopoeia and from the Dr. 
Wallace C. and Clara A. Abbott Memorial Fund of the University of Chicago, 
which aided the investigation. 
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Lanatoside C is a crystalline glycoside isolated in chemically pure form from 
Digitalis lanata. It possesses the therapeutic properties of the cardioactive 
glycosides and has been used principally in intravenous therapy where its rapid 
action gives it strophanthin-like qualities (1,2). However, it is well tolerated 
orally and being a pure substance with a uniform potency its use for oral medi- 
cation seems likely to become more extensive. This paper reports data on the 
absorption of Lanatoside C from the gastro-intestinal tract of cats, comparing 
it with the absorption of the tincture of digitalis. 

Experimental procedures. The extent and rate of absorption of digitalis glycosides 
from the gastro-intestinal tract is commonly determined experimentally by comparing the 
Lethal Doses, determined by intravenous infusion, with and without previous gastro- 
intestinal administration of the drug. This procedure can be termed the determination of 
“essential absorption” and is based on the assumption that death will always occur when a 
Lethal Dose has accumulated in the animal regardless of the route of administration. As 
usually carried out, a quantity of the drug i3 placed in a ligated section of the gastro- 
intestinal tract, and, after a given period of time, administration by intravenous infusion 
at a uniform rate and continued until death. The amount administered in this way is then 
subtracted from the amount which produces death by the same method of intravenous in- 
fusion in a control animal and the difference is assumed to be the amount absorbed from the 
gastro-intestinal tract. This procedure has been used by Hatcher (3), Haskell, McCants 
and Gardner (4), Nyary (5) and Svec (6) to study the rate of absorption of various digitalis 
preparations. As ordinarily used this procedure is subject to some objection because ab- 
sorption from the ligated section of the gastro-intestinal tract is still going on when the 
intravenous infusion is made and hence the experimental procedure is not identical with 
the control. 

Another method depends upon the determination of the residual drug in the tract after 
the period of absorption. Using colorimetric methods Gottlieb and Ogawa (7) and Van- 
Liere and Emerson (8) have studied the absorption of various preparations and glycosides. 
The colorimetric methods, however, are not very satisfactory. No reports of attempts to 
estimate the residual glycosides biologically were found. 

The procedures used in the experiments reported here make use of both of these methods. 
Essential absorption was determined according to the general procedure described above 
but at the end of the period allowed for absorption from the ligated section the latter was 
removed to prevent further absorption during the period of intravenous infusion. This 
also made it possible to subject the contents of the excised section to a simple biological 
assay thus securing results from two procedures in the same experiment. 

Determination of Essential Absorption. The cat wa3 anesthetized by the administration 
of 35 mgm. of sodium pentobarbital intraperitoneally. A tracheal cannula was inserted, 
the viscera were exposed and the section of the gastro-intestinal tract to be studied nas 
isolated by means of two ligatures which were placed, without disturbing the mesenteric 
blood vessels, at each end of the section. The solution of the drug was injected into the 
section and the abdominal incision temporarily closed. A short time before the end of the 
period allowed for absorption a cannula was inserted into the carotid artery to record bloo 

350 



ABSORPTION OF LANATOSIDE C 


351 


pressure. A venous cannula was inserted into the femoral vein and attached to a burette 
arranged to deliver a solution intravenously at 3S°C. At the end of the period of absorption 
the blood vessels supplying the ligated section Here tied off and the entire section removed 
by cutting between the double ligatures previously placed at each end of the section. The 
intravenous infusion was then begun. If Lanatoside C was used 0.0015% solution was in- 
fused at the rate of 0.5 cc. per kgm per minute. The stock solution of this drug was pre- 
pared by dissolving 0.010 grama of Lanatoside C in 5.00 grams of 95% alcohol with slight 
heat and making this up to 50 cc. with distilled water. This solution then contained 12% 
alcohol by volume. If Tincture of Digitalis was used the Tincture of Digitalis U.S.P. XI 
was diluted with distilled water to contain the equivalent of 0.005 grams of the dried drug, 
per cc. and was infused at the rate of 0 5 cc. per kgm. per minute. The endpoint was taken 
at the time the blood pressure fell to zero. 

The determination of the Lethal Dose by intravenous infusion in the control experiments 
was carefully made with all of the conditions of anesthesia and surgery described above 
earned out. About 10 cc. of physiological saline was injected into the section instead of the- 
drug solution. This determination of the Lethal Dose by slow intravenous infusion is the 
same procedure used for the biological assay of digitalis on cats but with the difference 
that it was here determined under the anesthesia, surgery and other conditions used in 
an actual absorption experiment. 

In these control experiments the quantity of Lanatoside required to produce death was 
0.36 mgm. per kgm. (mean of 6 cats, range 0.21 to 0.49). Moe and Visscher (9) found the 
Lethal Dose to be 0.39 mgm. per kgm. (mean of 7 cats, rango0.29 to 0 44). Similar control 
experiments gave a Lethal Doso of Tincture of Digitalis U.S.P. XI of 0.11 gram of the dried 
drug per kgm. (mean of 0 cats, range 0.09 to 0-13). The Lethal Dose of the Tincture of 
Digitalis U.S.P. XI is generally assumed to be 0.10 gram per kgm. These values are not 
significantly different although ours were determined under special conditions. 

Assay of the Gasiro-Inleahnal Residue for Glycosides. The section of the gastrointestinal 
tract which had been removed at the end of the period of absorption as described above 
was opened and the contents drained into a beaker. The entire section was then hashed 
in a meat grinder and washed repeatedly with 95% alcohol Preliminary experiments in 
which known amounts of glycoside had been placed in the lumen of the intestine showed 
this to be necessary because the glycoside apparently clings tenaciously to the walls of the 
intestine. The washings and contents were combined, filtered, and evaporated at 5S°C. 
to a convenient volume. Three volumes of alcohol were added, the mixture evaported to 
about 25 cc., filtered and then evaporated to dryness in a small beaker. The residue was 
then dissolved in a known quantity of alcohol, and water added to make the resulting solu- 
tion contain 12% alcohol. 

The solution thus prepared was biologically assayed by the method described by Hiner 
(10). This method involves the determination of the time required for a given concentra- 
tion of the drug to stop a frog's heart in situ. The solution is held in contact with the heart 
by a small glass chamber sutured in pluco and the heart contractions are recorded on a 
kymograph by means of a lever Several kymographic setups expedited these determina- 
tions. A timc-concentration curve such as described by Trcvan (11) was first prepared by 
plotting the time required to produce stoppage against the concentration of the solution by 
using a senes of known concentrations. The mean of five determinations was used for each 
point. The extremes of the curve for Lanatoside C showed stoppage in 15 minutes w ith 0.20 
mgm. per cc and stoppage in 30 minutes with concentrations of 0 13 mgm. per cc. The 
curve for Tincture of Digitalis U S P. XI showed stoppage in 8 minutes with the equivalent 
of 0-10 gram of the dried drug and stoppage in 18 minutes with a concentration equivalent 
to 0.03 gram of the dried drug per cc of the solution applied to the heart. To determine the 
concentration of glycoside in an unknown solution two or three exploratory runs n ere made 
to determine the approximate concentration which would produce stoppage within a period 
of time that would fall within the previously determined curve, then five determinations 
were made and the mean of these values used to determined the concentrations of the 
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unknown from the curve. From this the residual amount of Lanatoside C or digitalis in 
the section of the gastro-intestinai tract was then calculated. 

There is always a considerable number of variables which influence the quantity of a drug 
absorbed from the gastro-intestinai tract and its rate of absorption. In order to produce 
as uniform a set of conditions as possible, the cats were starved for 24 hours before the 
determinations, the dose of the drug placed in the isolated section of the tract was always 
approximately five times the intravenous Lethal Dose and the volume injected into the 
ligated section was always the same per kilogram; 10 cc. of the stock solution of Lanatoside 

TABLE 1 

The absorption of Lanatoside C from portions of the gastro-intestinai tract of cals 
In each case a solution of Lanatoside C containing 2.0 ragm. per kgm. (approximately 5 
times the lethal dose determined by intravenous infusion) was placed in the 
ligated section and absorption allowed to take place for one hour 


PORTION OF GASTRO- 
INTESTINAI. TRACT 

CAT NUMBER 

BE THAI, DOSE 
AFTER ONE- 
HOUR ABSORP- 
TION PERIOD 

CALCULATED ESSENTIAL 
ABSORPTION* 

BIOLOGICAL ASSAY OF RESIDUAL 
GLYCOSIDE IN THE INTESTINE 

Amount 

recovered 

Apparent 

absorption 



mgm./kgm. 

mgm./kgm. 

mgm.fkgm. 

mgm./kgm. 

Stomach 

19 

0.31 

0.05 

1.76 

0.24 


20 

0.24 

0.12 

1.51 

0.49 


21 

0.23 

0.13 

1.47 

0.53 


27 

0.28 

0.08 

1.62 

0.38 


28 

0.26 

0.10 

1.52 

0.48 

Intestine) 

17 

0.00 

0.36 (in 34 min.) 

1.19 

0.81 


18 

0.00 

0.36 (in 42 min.) 

1.14 

0.86 


16 

0.00 

0.36 (in 60 min.) 

0.97 

1.03 


25 

0.15 

0.21 

1.32 

0.68 


26 

0.01 

0.35 

1.64 

0.36 


32 

0.08 

0.28 

1.28 

0.72 


33 

0.04 

0.32 

1.20 

0.80 

Colon 

22 

0.25 

0.11 

1.86 

0.14 


23 

' 0.22 

0.14 

1.63 

0.37 


24 

0.26 

0.10 

1.87 

0.13 


37 

0.28 

0.08 

1.81 

0.16 


38 

0.24 

0.12 

1.70 

0.30 


* xhe mean intravenous lethal dose determined in the control experiments (0.36 mgm. 
per kgm.) minus the lethal dose determined after gastro-intestinai absorption was allowed 
to take place. 


t Jejunum and ileum. 

C described above or 6 cc. of the Tincture of Digitalis D.S.P. XI diluted to 10 cc. with 
distilled water. The alcohol content differed being 12% in the case of Lanatoside C solution 
and about 40% in the case of Diluted Tincture of Digitalis. 

Experimental results. The Site of Absorption. Absorption was studied 
from the following sections of the gastro-intestinai tract: the stomach, the in- 
testine and the colon. The section referred to as the intestine consists of the 
jejunum and the ileum only, the anterior ligatures being placed at the point ot 
attachment of the tail of the pancreas to the intestine. This was done m order 
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to avoid the delay which the required surgery would have made necessary at the 
time of excision had the duodenum been included. The posterior ligatures were 
placed at the ileocecal junction. The solution of the drug was then introduced 
into the section by means of a hypodermic needle and syringe. The period of 
absorption in each case was one hour. Table 1 shows the quantities of Lan- 
atoside C absorbed from these three portions of the gastro-intestinal tract as 
determined by the method of essential absorption and by the biological estima- 
tion of the residual glycoside. Cats 17, 18, and 1C died before the intravenous 

TABLE 2 

The absorption of Digitalis from portions of the gastro-intestinal tract of cats 


In each case a diluted Tincture of Digitalis, U. S. P. XI, containing the equivalent of 
0.60 grams of dried drug per kgm. (approximately 5 times the lethal dose by intravenous 
infusion) w as placed in the ligated section and absorption allowed to take place for one hour. 


PORTION or GASTRO- 
INTESTINAL TRACT 

CAT mull 

LETHAL DOSE 

A TIER ONE-HOUR 
ABSORPTION 
PERIOD 

CALCULATED 

ESSENTIAL 

ABSORPTION* 

BIOLOCICAL ASSAY Of RESIDUAL 

CIA COSHES IN IDE INTESTINE 

Amount 

recovered 

Apparent 

absorption 



Crams/kim. 

troml/kgm. 

[roms/kfrn. 

iram/kim. 

Stomach 

11 

o.os 

0 03 

0.43 

0.17 


12 

0.06 

0.05 

0 47 

0.13 


39 

O.OS 

0 03 

0 45 

0.15 


-10 

0.06 

0.05 

0 52 

0 08 


41 

0 07 

0 04 

0.48 

0.12 

Intestine 

7 

0.06 

0 05 

0 53 

0.07 


S 

0 05 

0 06 

0 52 

O.OS 


29 

0.05 

0.06 

0.52 

0 03 


30 

0 04 

0.07 

0.50 

0.10 


31 

0.03 

0.08 

0 48 

0.12 

Colon 

9 

0 11 

0 00 

0.58 

0.02 


10 

0 10 

0 01 

0.58 

0 02 


34 

0.07 

0 04 

0.54 

0.06 


35 

0 OS 

0 03 

0.56 

0 01 


36 

0.10 

0.01 

0 58 

0.02 


* The mean intravenous lethal dose determined m control experiments (0.11 grams per 
kgm.) minus the lethal dose determined after gastro-intestinal absorption had been allowed 
to take place- 


infusion was begun, which indicates that sufficient of the Lanatoside was ab- 
sorbed from their intestine to produce death in an hour or less. Cat 26 required 
only a very little additional drug by the infusion route to produce death, while 
cat 25 had absorbed almost two -thirds of a Lethal Dose. This would indicate 
that approximately one Lethal Dose is absorbed in a hour from the ligated por- 
tion of the intestine under these conditions; about one-third of a Lethal Dose is 
absorbed from the ligated colon and somewhat less than one-third of a Lethal 
Dose is absorbed from the ligated stomach. 

Under the same conditions, as shown in table 2,- allowing one hour for absorp- 
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tion with 5 times the Lethal Dose in the ligated section, the absorption of Tinc- 
ture of Digitalis U.S.P. XI was slower than the absorption of Lanatoside C. 
In one hour about half of a Lethal Dose was absorbed from the ileum and jeju- 
num, less than one-tenth Lethal Dose from the colon and a third to a half from 
the stomach. 

The Rate of Absorption. In the foregoing experiments the time allowed for 
absorption was maintained uniformly at one hour. In these experiments the 
time was varied and the amount of absorption which had taken place from the 


TABLE 3 

The rate of absorption of Lantoside C and Tincture of Digitalis, U. S. P. XI, from the intestine 

of cats 


A solution of 2.0 mgm. per kgm. of Lanato3ide C of a diluted solution of the tincture 
equivalent to 0.60 grams of digitalis per kgm, was introduced into the ligated intestine 


DRUG 

CAT NUUBE2. 

TIME ALLOWED 
roa ABSoap- 

LETHAL DOSE 
DETN. AJTEa 

CALCULATED 

ESSENTIAL 

BIOLOGICAL ASSAY OP aESIDUAL 
GLYCOSIDES IN THE INTESTINE 



TION 

ABSORPTION 

A BSOaPTION * 

Amount 

recovered 

Apparent 

absorption 

Lanatoside 

42 

minutes 

5 

« gm./kgm. 

0.31 

mgm./kgm. 

0.05 

mgm. /kgm. 

1.93 

mgm./kgm. 

0.07 

C 

43 

10 

0.14 

0.22 

1.74 

0.26 


56 

10 

0.23 

0.13 

1.62 

0.38 


52 

20 

0.20 

0.16 

1.68 

0.32 


44 

30 

0.09 

0.27 

1.46 

0.54 


57 

30 

0.04 

0.32 

1.58 

0.42 


51 

40 

0.12 

0.24 

1.50 

0.50 


45 

50 

0.03 

0.33 

1.48 

0.52 

Tr. Digitalis 

46 

5 

gm./kgnt. 

0,10 

gm./kgm. 

0.01 

gm./kgm. 

0.56 

gm./kgm. 

0.04 

U.S. P.XI 

54 

20 

0.09 

0.02 

0.53 

0.07 


53 

30 

0.07 

0.04 

0.52 

0.08 


47 

90 

0.05 

0.06 

0.44 

0.16 


55 

90 

O.Oi 

0.07 

0.47 

0.13 


48 

120 

0.04 

0.07 

0.45 

0.15 


58 

120 

0.02 

0.09 

0.46 

0.14 


50 

150 

0.01 

0.10 

0.40 

0.20 


59 

150 

0.00 

0.11 

0.42 

0.18 


49 

i 

ISO 

0.01 

0.10 

0.41 

0.19 


* See footnotes to tables 1 and 2. 


intestine at the end of various time intervals was determined. These results 
are shown in table 3 in which the absorption is shown for Lanatoside C for periods 
from 5 minu tes to 50 minutes, and for Tincture of Digitalis from 5 minutes to 
three hours. The absorption at the end of an hour period can be seen in table 1. 
These results indicate that the absorption of Lanatoside C is about three times 
as rapid as the Tincture of Digitalis. 

Discussion. The use of a biological assay for the determination of the 
amount of glycoside remaining in the gastro-intestinal tract after a peno o 
absorption as a means of checking the results of the essential absorption proce- 
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dure gives an interesting correlation. The results lead to the same conclusions 
reached by the essential absorption method, but the figures arrived at by sub- 
tracting the amount of glycoside recovered from the amount placed in the 
ligated section are much higher and would seem to indicate that more than a 
Lethal Dose has been absorbed. We have referred to this value as “Apparent 
Absorption” because there is actually no justification for assuming that the 
difference between the amount put into the section and the amount recovered 
is entirely absorbed. While this discrepancy may be due in part to the inade- 
quacy of the bioassay method used to estimate the residual glycoside in the ex- 
cised section, it is very likely that a portion of the glycoside has been destroyed 
by the digestive enzymes. Svec (12), and Brucke (13) have both shown that 
gastric juice has the property of decreasing the activity of digitalis glycosides. 
Evidence for the destruction of the digitalis glycosides in the intestine is not so 
conclusive but Holste (14) found that diastase, pancreatin and intestinal juice 
each decreased the potency of the glycosides, and Hale (15) obtained similar 
results from artificial pancreatic juice. No reports were found on destruction of 
the glycosides in the colon. 


CONCLUSIONS 

The greatest absorption of Lanatoside C and Tincture of Digitalis U.S.P. 
XI takes place in the intestine, but quantities are also absorbed from the colon 
and stomach. Lanatoside C is absorbed more rapidly from the intestine than 
the Tincture of Digitalis. 

Differences between the results from analysis of residual glycosides in portions 
of the gastro-intestinal tract and the determination of essential absorption in- 
dicate that partial destruction or inactivation of both Lanatoside C and the 
glycosides of the Tincture of Digitalis U.S.P. XI take place in the lumen of the 
gastro-intestinal tract. 

We wish to thank Mr. Harry Althouse of the Sandoz Chemical Works, Inc. 
for supplying the Lanatoside C (Cedilanid) and for partially defraying the ex- 
pense of this investigation. 
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Experimental and clinical studies (1—13) have shown that pneumococci may 
become resistant to the action of a sulfonamide. It is of practical importance 
to know: ( 1 ) the capacity of different strains of pneumococcus to develop re- 
sistance; (2) the relative ease with which such resistance is acquired to different 
sulfonamides; and (3) whether a strain which has acquired resistance to one 
sulfonamide is also resistant to other drugs of this group. 

The present report concerns a study of these problems. It should be pointed 
out, however, that some experiments (7, 12, 14) have already indicated that 
strains of pneumococcus which have become resistant to either sulfapyridine, 
sulfathiazole or sulfamethylthiazole are resistant to all three of these drugs. 

Methods. Three strains of pneumococcus (type I, strain McGovern; type II, strain 
CH; and type III, strain CHA) were used in this study. These strains have been studied 
in this laboratory over a period of three years; consequently, their cultural characteristics 
and in vivo and in vitro responses to several sulfonamides have been well established. 

Each of the above strains was made resistant to sulfanilamide, sulfapyridine and sulfa- 
thiazole by serial passage through media containing increasing quantities of these drugs. 
With two exceptions the method used was the same as that described previously (9). In 
the present work visual measurements of growth were substituted for actual growth curves, 
and transfers to successive lots of drug broth were made at shorter intervals than in the 
preceding study. The basal medium employed was a beef heart infusion broth, prepara- 
tion of which has been described previously (15). Concentrated solutions of sulfanilamide 
(320 mgm. %), sulfapyridine (150 mgm. %), and sulfathiazole (150 mgm. %) were prepared 
by dissolving the powdered drugs in this basal medium. These sulfonamide solutions were 
diluted with basal medium so that the final concentrations of drug, after addition of all 
constituents, including inoculum, were 2.5, 5, 10, 20, 40, 80, and 135 mgm. % of sulfapyridine 
or sulfathiazole, and 5, 10, 20, 40, 80, 160, and 290 mgm. % of sulfanilamide. The various 
sulfonamide solutions were tubed in 9 cc- quantities and sterilized by autoclaving. Two 
% rabbit blood was added just before use. 

At the beginning of the investigation the stock strains, which had been passed repeatedly 
through mice, were grown 12 to 14 hours in beeE infusion broth enriched with blood. These 
cultures were diluted serially in basal medium and 1 cc. of a 10~* dilution was added to each 
of a series of tubes containing the lower concentrations of drug — giving a final inoculum 
of 1000 to 5000 pneumococci per cc. Growth (i.e. turbidity and change in color of the red 
cells (16)) was noted after 24 hours incubation at 37.5°C. At that time a transfer was 
made from the highest concentration of drug broth showing visible growth into control 
blood broth. This control broth transfer was incuba'ted 12 to 14 hours, diluted serially and 
1 cci of a 10'* dilution was added to each of another series of drug broth tubes. This pro- 
cedure was repeated, 1 the drug concentrations being increased in each succeeding experi- 

r In most instances the organisms were incubated in drug broth for 24 hours as in the 
original experiment. In a few cases, however, incubation in drug broth was continued for 
48 hours before subcultures were made. 
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ment, until rapid growth occurred in one of the highest concentrations of the sulfonamide 
used. 

When a strain had become highly resistant to a given sulfonamide, its response to this 
drug was compared with its response to each of the other two drugs and to sulfadiazine 
This was accomplished by inoculating series of tubes containing various concentrations of 
the different drugs, prepared as described above, and determining the highest concentra- 
tion of each sulfonamide permitting visible growth at the end of 24 and 48 hours incubation. 

In order to determine whether repeated passage in the basal medium affected sulfonamide 
sensitivity, the parent strains were passed serially through control broth each time tho 
“resistant” strains were transferred in drug broth. At the end of the series of transfers, 
these control strains were tested against the various sulfonamides in the same manner as 
were the resistant organisms. 

Results. The development of resistance to the sulfonamides by the three 
strains of pneumococcus has been summarized in figure 1. The points plotted 
are the highest concentrations of drug which allowed visible growth at a given 
transfer. 

It is evident from the initial response of each of the strains that the parent 
organisms were sensitive to all three drugs. There was some variation, however, 
in the response of the different strains to the same drug, type II CH appearing 
to be the most sensitive and type III CHA the most resistant. There was also a 
difference in the response of the same strain to the different drugs, each organism 
being most sensitive to sulfathiazole and least sensitive to sulfanilamide. 2 

When the organisms were passed serially through drug broth there was a 
progressive increase in resistance until finally each strain was able to grow in very 
high concentrations of the sulfonamides. There were some irregularities in this 
process, as indicated by the fact that at certain points the resistance remained 
stationary for two or more transfers. It seems probable, however, that such 
plateaus might have been avoided if smaller increments of drug had been used. 

In the early stages of the experiment there were characteristic differences in 
the rates at which the three strains became sulfonamide resistant. These differ- 
ences were not as clear cut in the work with sulfanilamide, to which each strain 
acquired resistance rapidly, as in that with sulfapyridino and sulfathiazole. In 
the experiments with the latter drugs the type III CHA strain acquired re- 
sistance most rapidly and the type II CH strain most slowly. In view of the 
rapidity with which type III CHA became resistant, it is of interest that the 
final degree of resistance attained by this organism was not as great as that of the 
other two strains. 

The order in which resistance was developed to the different drugs was the 
same with each of the three strains. Sulfanilamide resistance was developed 
most rapidly, sulfapyridine resistance next in order, and sulfathiazole resistance 
most slowly. 

After resistance to one sulfonamide had been established, the response of 
these resistant strains to each of the other two sulfonamides and to sulfadiazine 

* Although the data recorded for the type I and III strains indicate that sulfathiazole 
and sulfapyridine w ere of equal effectiveness after 24 hours incubation, observations made 
at earlier periods show clearly that sulfathiazole inhibited growth more than did sulfa- 
pyridine. 
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was determined. The results of these tests are listed in table 1, together with 
the reactions of the strains which had undergone serial passage through the 
control medium. 

It should be noted that each of the three control strains grew only in low 
concentrations of all the drugs, just as had the parent organisms (figure 1) . 
On the other hand, the resistant strains grew in very high concentrations, not 
only of the drug to which each organism had been made resistant but also of all 
the other sulfonamides tested. All the resistant strains of type I McGovern 



Development of sulfanilamide resistance 

Development of auifapyridine resistance 

Development of aulfatniazole resistance 


and type II CH grew in the highest concentrations of each of the drugs at 48 
hours; many had grown in the highest concentrations as early as 24 hours. The 
type III CHA strains grew more slowly than either the type I McGovern or type 
II CH organisms. As a consequence of this, growth of the type III CHA strains 
in the higher drug concentrations did not always occur in 24 hours. Such 
growth did occur, however, within 48 hours. 

Comment. It should be pointed out that the problem of sulfonamide re- 
sistance merits consideration whenever therapy is prolonged, for both experi- 
mental (9) and clinical observations (17) have shown that under this condition 
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resistance is most likely to develop. Although the present study, like most 
other work on sulfonamide resistance, has been concerned with the response of 
pneumococci, the general conclusions from this work may well have application 
to the reactions of other organisms. Actually, the problem of sulfonamide 
resistance may be of greater practical importance in infections caused by other 
bacteria than it is in pneumococcal infections, which are usually of short dura- 
tion and respond promptly to treatment. 

From the data presented here it is apparent that strains of pneumococcus 
differ in their abilities to develop sulfonamide resistance. There is a suggestion 


TABLE 1 

Response of resistant pneumococci to various sulfonamides 


ucu. pex czar or drvg pEZitirrnfo visible growth* 


STRAIN 

ORGAN ISUS 
PER CC. 

After 24 brs. incubation 

| After 48 hrs. incubation 


CULTURE 

ST 

SP 

SD 

SA 

ST 

SP 

SD 

SA 

Type I McGovern 

3200 

ct 

135 

c 

10 

20 

c 

5 

10 

20 


279 

135 

135 

290 

135 

135 

135 

290 


3600 

135 : 

135 

135 

290 

135 

135 

135 

290 


2500 

so 

135 

135 

290 

135 

135 

135 

290 

Type 11 CH 

! 

1900 

c 

C 

5 

C 

! C 

C 

5 

c 


1900 

so 

80 

135 

290 

135 

135 

135 

290 


1300 

135 

135 

135 

290 

135 

135 

135 

290 


3000 

135 

135 

135 

1 290 

135 

135 

135 

290 

Type III CHA 

2300 

c 

5 

5 

10 

C 

10 

10 

20 


1240 

20 

40 

135 

SO 

SO 

135 

135 

200 


1500 

80 

135 

135 

so 

SO 

135 

135 

290 


1S00 

20 

40 

SO 

so 

80 

SO 

135 

160 







• - - - 




* The concentrations oi arug usea were u,o, qv, uuu xouiugui. / o 

sulfapyridine and sulfadiazine, and 0, 10, 20, 40, SO, 160, and 290 mg m. % of sulfanilamide. 
ST = sulfathiazole; SP = sulfapyridine; SD = sulfadiazine; SA = sulfanilamide. 

t C indicates that growth occurred in the control broth but not in broth containing the 
lowest concentration of drug. 


that this capacity for developing resistance is related to the initial sensitivity 
of the organisms, inasmuch as the type II CH strain, initially highly sensitive 
to sulfonamides, acquired resistance with greater difficulty than the type III 
CHA organism which was naturally somewhat resistant. If this suggestion is 
correct, then one would expect that organisms like staphylococci, which naturally 
are relatively sulfonamide-insensitive, would acquire resistance with great ease. 
This may be one of the factors responsible for the numerous failures of sulfon- 
amide therapy in staphylococcal infections. 

The present report has also shown that a given strain of pneumococcus de- 
velops resistance to the various drugs at diSerent rates. Resistance to sulfanit- 
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amide was developed most rapidly and to sulfathiazole most slowly. This 
indicates that the ease of developing resistance varies inversely with the activity 
of the sulfonamide, since in the medium used sulfanilamide was the least effective 
and sulfathiazole the most effective drug. Similar observations have been made 
in studies on E. coli (18). These findings are a further argument for knowing 
which drug has the greatest activity against a specific organism. 

Finally, the data have shown that once pneumococci have developed re- 
sistance to either sulfanilamide, sulfapyridine, or sulfathiazole, they are also 
resistant to each of the other two drugs and to sulfadiazine. This finding is in 
harmony with those of previous investigators (7, 12) and has also been shown to 
be true in vivo (14, 19). Since the activities of the different sulfonamides against 
pneumococci are relatively similar (16, 20, 21), it may be concluded that there 
would be little benefit in changing therapeutic agents in pneumococcal infections 
once resistance was established. However, where there are striking differences 
in the activities of the drugs, as in the effects of sulfanilamide and sulfathiazole 
on gonococci (8) and E. coli (18, 22), the more active drug might still be effective 
against organisms that had acquired resistance to the less active sulfonamide. 
This is borne out by the work of Carpenter et al. (23) in which sulfathiazole 
inhibited the growth of gonococci that had acquired resistance to sulfanilamide. 

SUMMARY 

A study of some of the factors involved in the development of sulfonamide- 
resistant pneumococci showed the following: 

(1) Strains of pneumococcus differed in the ease with which they developed 
resistance to a given sulfonamide. 

(2) There was a difference in the rates at which a single strain of pneumococcus 
developed resistance to the various sulfonamides. In all instances, resistance 
was developed most rapidly to the least effective drug and most slowly to the 
most effective drug. 

(S) When a strain of pneumococcus had acquired resistance to one sulfon- 
amide, it was also resistant to all the other sulfonamides tested. 
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Various investigators report that newborn animals are less resistant to the 
toxic effects of morphine than adults of the same species. Gibbs and Bobb (1) 
noted that adult rats injected hypodermically with morphine are ten times as 
resistant as newborns. Schlossmann (2) found that the lethal dosage of mor- 
phine hydrochloride (LD 50) on intraperitoneal injection of rabbits is 0.15 gm. 
per kilo for rabbits one week of age, and about 0.5 gm. per kilo for rabbits over 
three months of age. Eddy (3) using subcutaneous injections also found that 
adult rabbits are more resistant than newborn rabbits. The problem deserves 
further investigation, however, since morphine is such an important analgesic 
that obstetricians continue to use it despite the comparatively high susceptibility 
of the newborn. 

Experimental. The relative resistance of newborn and adult rats to mor- 
phine was determined by comparing their survival time after intraperitoneal in- 
jection of various dosages of morphine sulphate. Maintenance of respirator 
activity was taken as the criterion of survival. The mortality of adult rats 
succumbing at 1, 2, and 12 hours with the range of doses used is presented in 
tablet. All the adults injected with 0.92 rogm./gm. died ■within an hour. With 
doses below 0.84 mgm./gm., some of them recovered. 

The average survival time of over 300 newborn rats injected with solutions of 
0.01 to 4% morphine sulphate in doses ranging from 0.0005 to 1.32 mgm./gm. 
is presented in figure 1. The survival tune of the newborns lengthened rapidly ’ 
as the dose was decreased below 0.1 mgm./gm. but did not shorten significantly 
as the dose was increased above 0.1 mgm./gm. Because their survival time 
did not continue to decrease with the higher range of doses, the possibility of 
another mechanism for energy, not depressed by morphine, should be considered. 

A comparison of the figures shows that despite the fact that infants succumb to 
smaller doses than adults, they nevertheless respire longer than adults with large 
lethal doses. With 0.92 mgm./gm., a dose to which all adults died in less than 
an hour, newborns survive an average of 3£ hours. 

To determine the effects of morphine on the fetus, pregnant mothers at full 
term were injected with morphine sulphate. The fetuses were removed by 
Caesarean section immediately after the mother had succumbed to respiratory 
failure or when she w’as sacrificed after a period of two hours. The effects were 
found to differ, depending on the dosage used and the time of survival of the 

1 Aided by a grant from the Albion O. Bernstein Memorial Fund. 
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mother after injection. The fetuses, removed from 3 mothers dying within 30 
minutes after injection of ' 1.08 mgm./gm., either breathed spontaneously or 

TABLE 1 


Effects of intrapcritoneal injections of 2% morphine sulfate on the survival time of adult rat 


DOSE IN MGM./CM. 
BODY WEIGHT 

number of juts 

INJECTED 

SUCCUMBED 

IN 1 nous 

SUCCUMBED 

in 2 hours 

succumbed 
in 12 HOURS 

RECOVERED 

0.22 


1 

i 

2 

10 

0.32 

mm- 

3 

2 

2 

6 

0.42 


1 

5 

4 

5 

0.52 


6 

2 

0 

5 

0.62 


6 

2 

3 

1 

0.70 


7 

1 

1 

3 

0.76 


9 

0 

1 

3 

0.84 


n 

0 

1 

0 

0.92 


12 

0 

0 

0 



Fig. 1. Survival Time of Newborn Rats with Morphine 
TABLE 2 


Comparative survival periods of three groups of newborn rats, the first, injected with morphine 
' and respiring nitrogen; the second, uninjected and respiring nitrogen; and the third, 
injected with morphine and respiring air 


MORPHINE IN MGM. PER CM. 
BODY WEIGHT 

AVERAGE SURVIVAL- TIME 

Injected rats in nitrogen 

Uninjected controls in 
nitrogen 

Injected controls in air 


min. 

min. 

hrs. 

0.03 

51 

57 

13 

0.32 

50 

57 

31 

0.92 

49 

58 

31 


could be stimulated to respire for a short time. All fetuses removed from a 
fourth mother surviving this dose for 58 minutes were dead. When fetuses were 
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removed from 7 mothers injected with 0.42 xngm./gm., only 1 or 2 of the 10-12 
members comprising each litter could be stimulated to breathe, but respirations 
were not maintained for longer than 2 hours. Thus, fetuses appeared to have 
approximately the same susceptibility to the acute lethal effect of morphine as 
the adult and did not demonstrate the increased resistance of the newborn. 

The effects of morphine on the resistance of the newborn to anoxia were 
studied. Newborn rats inj'ected with morphine were placed in an atmosphere of 
undiluted nitrogen to produce anaerobiosis. The duration of respiration in these 
rats was compared with that of uninjected litter-mate controls respiring nitrogen. 
Other litter-mate controls, breathing air, were injected with the same doses of 
morphine. Table 2 shows that the newborns injected with morphine did not 
live for a significantly shorter time in nitrogen than did the uninjected controls. 

Intraperitoneal injections were used for all our procedures, since in previous 
control experiments on adult rats the slow absorption of 2% morphine sulphate 
from subcutaneous depots permitted these animals to recover from doses larger 
than those which are lethal on intraperitoneal injection. 

Discussion. Our task is to explain why the newborn lives longer than the 
adult and why the fetus in utero does not live so long as the infant postpartum. 
The greater resistance of newborns to the acute morphine depression is probably 
explained by their greater resistance to anoxia. Previous work in this laboratory 
has disclosed that newborn rats survive for approximately 60 minutes in an at- 
mosphere of undiluted nitrogen (5). The oxygen present in the lungs is not an 
important factor for this survival because the oxygen content of the arterial 
blood of animals becomes minimal a short time after exposure to undiluted 
nitrogen (5). The newborn is able to survive during this period chiefly because 
of its anaerobic utilization of carbohydrate (6). The energy for survival is 
derived by the anaerobic splitting of carbohydrate to lactic acid. Adults also 
have this anaerobic source of energy available, but the higher brain metabolism 
of the adult cannot be maintained adequately for a period longer than one to 
3 minutes by the slow release of anaerobic energy. To determine whether the 
newborn could avail itself of this anaerobic mechanism when under the effects 
of morphine it was necessary to learn whether or not morphine shortens the 
survival period in anaerobiosis. Since it was found (table 2) that newborn 
rats, injected with morphine and deprived of oxygen, continued to live for nearly 
as long as their uninjected controls, it was concluded that morphine permits 
the anaerobic development of energy. 

Although there is probably no difference in the availability of anaerobic energy 
immediately before and after birth, a difference does exist in the availability of 
oxygen to the newborn and the fetus. The newborn is exposed to an atmos- 
phere of oxygen, the fetus is not. The ability of the respiratory centers of the 
newborn to obtain sufficient energy anaerobically permits the newborn to respire 
oxygen and thus to make available energy released by aerobic processes. The 
fetus in utero possesses the same anaerobic source of energy as the newborn but 
the functions maintained by the anaerobic energy do not procure additional 
atmospheric oxygen for the organism. In addition, the re 
is depressed and so the normal supply of oxygen to the feti 
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fetus in ute.ro is comparable to a part of the mother’s body in its dependence upon 
her blood for oxygen and is deprived of aerobic energy with depression of mater- 
nal respiration. 

■ Late Effects of Morphine. Despite the great resistance of the newborn 
rats to the acute lethal effects of morphine it has been observed that they die of 
the late effects of morphine with doses far below those lethal to adults. The 
newborn succumb as a result of prolonged anoxia. This prolonged action of 
morphine in the newborn may be attributed to a slower rate of detoxification if 
it can be shown that this process proceeds more slowly in the newborn. The 
late death of adults, on the other hand, may be a result of intercurrent infections, 
since the adult had previously recovered from the depressant effects of the 
morphine. Such intereurrent infections have been observed by Schlossmann 
(2). Although many adults had convulsions there did not seem to be a direct 
relationship between these and the lethal effects. None of the newboms in- 
jected with morphine exhibited convulsions. 

SUMMARY 

Lethal doses of morphine sulphate were administered to 116 adult rats, 300 
newborn rats, and 11 pregnant rats at full term. The newborn rats were more 
resistant to acute respiratory failure than the adult rats, but the fetuses were 
about equal in susceptibility to their mothers. Probable causes for the charac- 
teristic susceptibility of fetal, newborn, and adult rats to lethal doses of morphine 
are discussed. 
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Since the introduction of the arsenicals many different opinions have been 
held in regard to the optimum quantity of arsenical to administer at any one 
time and the interval between treatments necessary for the clinical control of 
syphilis. Wechselman (20) in 1911 reported almost miraculous results with a 
single injection of arsphenamine. Ehrlich (4) suggested giving one injection 
intravenously, followed in 48 hours with an intramuscular injection which was 
to exterminate any remaining spirochetes by its prolonged action. Wechselman 
(21) later gave repeated injections of both arsphenamine and neoarsphenamine. 
Pollitzer (11) in 1926 recommended 0.1 gram of arsphenamine for each 25 pounds 
of body weight every day for three days. 

The present most widely accepted clinical routine for the treatment of syphilis 
is the method employed by the “Cooperative Clinical Group” (14), by which 
method an arsenical drug, arsphenamine, neoarsphenamine or mapharsen, is 
administered in courses of 12 to 20 injections at weekly intervals. Treatment 
is intensive for at least 18 months and is supplemented with bismuth or mercury. 
Paget (10), in a recent survey of the long term (5-10 year) efficiency of pre- 
sumptive cures by this method, reported an incidence of permanent cures of 90% 
under prolonged continuous treatment, falling to 68% with 6 months of con- 
tinuous treatment and to 47% with 6 months of intermittent treatment. 

The selection of the time interval between injections, however, is purely ar- 
bitrary and has resulted largely from the fear of producing cumulative arsenical 
poisoning. It by no means follows that the administration of any arsenical at 
intervals of 3 to 7 days represents the maximum therapeutic effect that could be 
derived from that particular arsenical drug. A number of clinical attempts 
have been made to investigate the possibilities of shorter time-intervals between 
injections. In 19^5 Chargin, Leifer, and Hyman (1) reported their results on 
the administration of neoarsphenamine by means of the intravenous drip tech- 
nique in the treatment of early syphilis. With this method the patient is 
hospitalized and 12 doses of the arsenical are administered at intervals of 1 hour. 
The procedure is repeated daily for 5 days. The results were so promising that a 
further study was made by Hyman (7, 8) and his associates in 1939. In this 
series of cases they reported the production of 85% of clinical cures. 

Although all clinical treatment of syphilis depends upon the repeated adminis- 

1 Presented ns a thesis in partial fulfilment of the requirements for the degree Master 
of Science at the University of Minnesota. 
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tration of subcurative doses of the therapeutic agent, almost all studies of the 
curative effects of antisyphilitic drugs in experimental animals have been made 
on the basis of the injection of a single completely curative dose. In the com- 
paratively few studies of the effects of subcurative doses Voegtlin (17) found that 
“in order to kill all of the parasites, a well-defined minim um concentration must 
be established below which only part of the parasites are killed.” Probey (13) 
and Voegtlin and Dyer (19) found that the sterilizing action of arsphenamine 
depended upon the amount of arsenic injected. IColmer (9), employing a 
sample of arsphenamine having a single minimum curative dose of 4 mgm./kgm., 
obtained equivalent cures from 3 daily injections of 3 mgm./kgm.; 6 daily 
injections of 2 mgm./kgm.; 5 semi-weekly injections of 2.6 mgm./kgm.; or 6 
weekly injections of 2.6 mgm./kgm. With neoarsphenamine having a single 
M. C. D. of 6 mgm./kgm. he obtained equivalent cures with 3 daily injections 
of 5 mgm./kgm.; 6 daily injections of 4.5 mgm./kgm.; or 4 semi-weekly injec- 
tions of 5 mgm./kgm. 

The lack of adequate information in regard to the therapeutic effects of sub- 
curative doses, and the current interest in the development of more rapid clinical 
cures in the treatment of syphilis suggested an investigation of the curative 
effects of the serial administration of various subcurative doses of mapharsen 
in the treatment of T. equiperdum infections in rats. Since this study was com- 
pleted, Eagle and Hogan (4) have presented a preliminary report of a study of 
the effects of serial dosages of mapharsen in the treatment of syphilis in rabbits, 
but have presented no experimental details. 

Materials and methods. Albino rats of the VVistar strain, of 125-150 gra. weight, bred 
in our own colony, were employed throughout the investigation. 

The organism employed was Trypanosoma equiperdum . ! The organism was maintained 
in rats and guinea pigs. When it was obtained from guinea pigs it was stabilized by several 
passages through rats before being used. 

Rats were inoculated by the intraperitoneal injection of 1 cc. of a suspension of blood in 
0.65% sodium chloride, containing 1 organism per field under the 4 mm. objective. 

Treatment was commenced 24 hours after inoculation with the organism. A control 
inoculated rat was included in every series. The 25 control rats employed died in an 
average time of 4.6 ± 0.8 days (110 ± 20 hours) after inoculation. The range was from 3 to 
8 days. 

The mapharsen was administered by the intramuscular route because of the necessity 
for repeated injections. Gruhzit (6) and Voegtlin (18) have shown that mapharsen has 
approximately the same therapeutic efficiency by either intravenous or intramuscular in- 
jection. Injections were made in alternate legs to avoid the formation of abscesses or 
dry slough. 

The curative efficiency of the sample of mapharsen employed was first determined. 
Groups of inoculated rats were then given serial injections of various fractions of the 
M.C.D. at a series of time intervals. The time intervals employed were 6, 12, 24, 48, 72, 
and 96 hours. Longer time intervals between injections were not investigated because un- 
treated control animals died in an average time of 110 hours after inoculation with the 

organism. . , 

Ten rats were employed in each group at each dosage level and time interval. In the 


- * The strain of T. equiperdum employed in this study was kindly furnished to us through 

- t j, e courtesy of Dr. A. L. Tatum, Professor of Pharmacology, University of Wisconsin. 
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majority of groups, seric3 of injections from 2 to 20 by increments of 2 injections were em- 
ployed, with one rat at each injection level. In some groups 2 rats at each injection level 
were employed from 2 to 10 injections. A total of 230 rats was employed in the investiga- 
tion. 

All animals surviving the projected course of treatment were kept under observation for 
30 days after completion of treatment unless death took place before that time. Animals 
surviving 30 days after completion of treatment, examination of the tail blood being nega- 
tive for trypanosomes, were considered cured. 

Results. Single dose therapeutic efficiency of mapharsen. The curative 
activity of mapharsen when administered as a single dose to rats infected with 
T. equiperdum was determined by injecting the drug into two series of rats at 
dosages through the range of 0.6 to 2.0 mgm./kgm. by increments of 0.2 



Fig. 1. Peb cent Subvjval of Hats Inoculated with T. equiperdum following the 
Injection of a Single Intramuscular Dose of Mapharsen. M C.D. (S0%) at 
1 4 mgm./kgm. 


mgm./kgm. The results, integrated for both deaths and survivals after the 
manner of Dragstedt and Lang (2), previously employed by Wright (22) in 
digitalis assays, are shown in fig. 1. For the purposes of this study the minimum 
curative dose (M. C. D.) was taken as the dosage at which 80% of animals 
injected with that dosage may be expected to survive, and this was found to be 
1.4 mgm./kgm. This is an excellent agreement with the results of Tatum and 
Cooper (15) who found a dosage of 1.2 mgm. per kilogram gave the same per- 
centage survival when injected intravenously. 

The curative effects of repeated subcurative dosages of mapharsen were then 
determined by the injection of progressively smaller percentages of this iL C. D. 
into succeeding groups of animals. 

Injections of 1.0 mgm. per kilogram. This dosage represents approximately 
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70% of the single minimum curative dose. The percentage survival graph 
(fig. 1) show3 that approximately 38% of animals might be expected to be cured 
by a single dose of this magnitude. 

Serial injections of this dosage were made at the 96 hour time interval for 
series of 2, 4, 6, and 8 injections employing two rats in each group. All animals 
survived this treatment. (Fig. 2.) 

The curative efficiency of the repeated administration of a dosage representing 
70% of the single dose M.C.D. of mapharsen appears to be such that two or 
more injections are uniformly curative even when spaced 96 hours apart, a time 
interval which closely approached the mean survival time for untreated control 
animals. 

Injections of 0.8 mgm. per kilogram. This dosage represents approximately 
55% of the single M.C.D. Only 11% of animals may be expected to survive a 
single injection of this dosage (fig. 1). 

Serial injections were made at time intervals of 6, 12, 24, 48, 72, and 96 hours, 
employing two animals at each injection level for 2, 4, 6, and 8 injections at the 
four shorter time intervals, and a single animal at each injection level from 2 to 
20 injections at 72 and 96 hours. All animals survived at all dosage levels for all 
time intervals (fig. 2). 

The curative efficiency of a dosage of 55% M.C.D. of mapharsen, therefore, 
also appears to be such that two or more injections (aggregating a minimum of 
1.1 M.C.D.) are uniformly curative even when spaced 96 hours apart. 

Injections of 0.6 mgm. per kilogram. Although the dosage employed here 
represents only approximately 40% of a single M.C.D., and no animals may be 
expected to survive when treated with only a single injection (fig. 1), neverthe- 
less this dosage still appears to possess considerable curative efficiency provided 
the serial dosages are administered at 6 or 12 hour time intervals (fig. 2). At 
the 6 hour time interval 2 of the 9 animals died after receiving injections of 2 and 
6 doses respectively, both dying 15 days after cessation of treatment. At the 
12 hour time interval 2 of the 10 animals died after receiving 4 and 14 injections. 
For these two time intervals the curative effect of mapharsen appears to be such 
that four or more injections (aggregating a minimum of 1.6 M.C.D.) will effect 
a cure in approximately 85% of animals, although no animals will be cured by the. 
administration of a single injection. 

At the longer time intervals this dosage is definitely less efficient, although 
little essential difference is seen between the results at the 24, 48, and 72 hour 
time intervals approximately one-half the animals survived in each case. The 
animals that died received an average of 8 injections, those that survived an 
average of 12.5 injections. At the 96 hour time interval, the time between 
injections permits the infection to overpower the treatment and all animals died 
after receiving an average of 3.4 injections. 

Injections of 04 mgm. per kilogram. This dosage represents approximately 
30% of a single M.C.D. No animals would be expected to be cured by the 
administration of only a single injection (fig. lb 

This dosage appears to be at a level from which comparatively little in the 



Fig. 2. Curative Effects from Serial Intramuscular Injection'*? of Various 
Fractions of the M.C D. (S0%) of Mafiiarsen is Hats Inoculated with 
T equiperdum 
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way of therapeutic effects is to be expected. Even at a time interval of 6 hours, 
which, in spite of the small individual dose resulted in the administration of 
more than a single M.C.D. in the course of 24 hours, no animals survived if 
given less than 10 injections and only 50% of the 6 rats receiving 10 injections 
survived. At the 12 hour time interval 3 of the 10 animals survived after 
receiving an average of 14 injections, while the remaining 7 died after receiving 
an average of 9 injections. 

Again there is no marked difference between the results obtained at 24, 48 and 
72 hours, 90% of the animals dying after having received an average of 10 
injections, dhe remaining 10 per cent surviving after receiving an average of 14 
injections. At the 96 hour time interval no animal survived beyond the second 
dose. 

Discussion. The administration of repeated subcurative doses of organic 
arsenical drugs in the experimental evaluation of these compounds rather than 
the administration of single completely curative doses more nearly parallels the 
clinical treatment of syphilis, yet has been very inadequately studied. The 
results obtained in this investigation may be considered conveniently from two 
standpoints, ( 1 ) the effect of dosage and (£) the effect of time interval between 
injections. 

From the standpoint of the effect of dosage, there appears to be a compara- 
tively sharp break in the efficiency of dosages smaller than 50% of a M.C.D. 
Dosages in excess of this were uniformly curative in two or more doses at all 
time intervals, even at intervals of 96 hours. This apparently takes place 
because the initial dose destroys a sufficiently large number of the organisms 
that they do not restore the infection to its former level by the time of the next 
injection, hence two or more injections are uniformly curative. 

' At dosages below 50% M.C.D. the results are much more dependent upon the 
time interval between injections, S5% survival (the equivalent of one M.C.D.) 
being obtained at the 6 and 12 hour intervals with 40% M.C.D. while at 96 hours 
no animals survived treatment with the same dosage. With dosages of 30% 
M.C.D. the curative efficiency of mapharsen becomes very small even at the 
6 and 12 hour time intervals, no animals surviving if given less than 8 injections 
and not more than 50% of the animals surviving after receiving 10 or more 
injections. At time intervals in excess of 12 hours the curative efficiency of 
30% M.C.D. is practically nil. 

From the standpoint of the effect of time interval, a number of points emerge. 
Provided the initial dose is greater than 50% M.C.D., the time interval between 
doses appears to have little effect, the effect of a single dose (although much less 
than one M.C.D.) being such that most of the organisms are destroyed by this 
dosage and are unable to multiply sufficiently rapidly to restore the infection to 
its former level by the time of the next dose. 

With dosages of less than 50% M.C.D., however, the time factor plays an 
important role. With dosages of both 40% and 30% M.C.D. the results ob- 
tained at the 6 and 12 hour time intervals are appreciably better than at the 
longer time intervals. These results indicate that the duration of the curative 



REPEATED DOSES OF MAPHARSEN 


373 


efficiency of a single injection of mapharsen in the rat does not greatly exceed 
12 hours. This fact is amply confirmed by the results of other investigations by 
Peters and Wright (11) to be published shortly. For tile longer time intervals 
there is little difference in the results obtained at injection intervals between 21 
and 72 hours. Injections of the drug at 96 hour intervals, however, appear to 
allow such a long time to elapse between the cessation of the curative effect and 
the next injection that the animals succumb to the infection after 2 to 4 in- 
jections. 

These results indicate that the duration of the trypanocidal action of maphar- 
sen is sufficiently short that maximum clinical benefit cannot be expected to be 
obtained from the injection of the drug at weekly or even semi-weekly time 
intervals. Maximal therapeutic results from the clinical use of mapharsen 
appear to be indicated by patterning the administration of the drug after the 
method that has been adopted so successfully in the treatment of systemic 
bacterial infections with compounds of the sulfonamide series, namely, the 
administration of repeated subcurative dose3 of the drug at a time interval 
sufficiently short that a constantly spirocheticidal concentration of the drug will 
be maintained in the blood stream night and day for a period of time sufficiently 
long to produce a high percentage of “ permanent cures” in a single course of 
treatment. The time interval elapsing between injections should apparently 
not exceed 12 hours. 

The dosage should be the maximum that the incidence of clinical toxicity will 
permit. The upper limit of this has probably been indicated by Hyman and 
co workers (1, 3, 7, 8) who gave 0 24 gm. of mapharsen daily over a period of 
10-12 hours by the intravenous drip technic and by Thomas and Wexler (16) 
who gave 0.12 gm. daily in two doses. With these dosages both groups of work- 
ers experienced a greater frequency of toxic reactions than is obtained with the 
more conservative weekly or semi- weekly treatment. 

The low curative value of our dosages representing 30% M.C.D., on the other 
hand, confirms Voegtlin’s finding of the necessity for “a well defined minimum 
concentration,” and indicates that the injection of dosages that are too small, 
even though injected at frequent intervals, may be comparatively wasteful 
therapeutically from failure to achieve the necessary minimal curative blood 
level of the arsenical compound, yet potentially dangerous from the standpoint 
of the production of toxic manifestations. 
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